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ORIGINAL ARTICLES. 

BASOPHILIC HYPERPLASIA OF THE PITUITARY IN 
* ESSENTIAL HYPERTENSION. 

By Irvikg Pardee, M.D., 

ASSISTANT PROFESSOR NEDROI.OGY, COLLEGE OP PHYSICIANS AND SURGEONS; SENIOR 

ATTENDING NEUROLOGIST, NEUROLOGICAL INSTITUTE, NEW YORK CITY. 

Hyperteksion imassociated with renal disease or serious arterial 
change has been long the object of etiologic debate. There is growing 
evidence to demonstrate a close relationship between the endocrine 
glands and this form of hypertension. A recent survey^ of the role 
played by the adrenals brings forcibly to the fore that hyperplasia 
of these organs, as well as certain of their neoplasms, is accompanied 
by a hypertension, either continual or paroxj’^smal in type. A hyper- 
adrenalism as a cause for hypertension has been treated successfully 
with partial bilateral suprarenalectomy. 

On the other hand, a careful study of the basophilic pituitary 
syndrome will show that an adenoma of the adrenal cortex or a 
hyperplasia of the gland was also found in many of these cases. 
Likewise injections of pituitary extracts will bring about hyper- 
trophy of the suprarenal cortex. Moehlig and Osius,- Smith* and 
others have stressed the fact that both the pituitary'- and suprarenal 
cortex reflect the state of each other and that the pituitary is prob- 
ably the dominant gland. 

The syndrome of pituitarj'- basophilism, as first reported by 
Cushing,^ indicated that hypertension was an outstanding sign. 
These cases with verified basophil adenomas of the anterior lobe 
of the hypophysis all showed a uniform symptomatology. Others 
also described by him, although unverified pathologically, presented 
the characteristic syndrome of amenorrhea or impotence, hyper- 
trichosis, hypertension, obesity, purplish linefe atrophicae on the 
abdomen or thighs, polycythemia, plethora, osteoporosis, etc. 
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The pattern shown in these cases was immediately recognized by 
other observers. A number of variations were reported by me® as 
appearing in patients— unverified clinical cases— all of ivhom pre- 
sented many, if not all, of the classical signs of tliis condition. 
Williams® also reported a patient 66 years of age in whom there 
was a psychosis of the senile type, a carcinoma, hypertension, poly- 
cythemia, purpuric spots with plethoric facies and a marked mascu- 
line hypertrichosis, but confirmation of basophilism was not verified. 

In a later communication Cushing^ made an interesting sugges- 
tion as to the additional importance of the basophil cells, in connec- 
tion with a case of fatal eclampsia in which there was found a 
h 3 T)erplasia of basophil cells which ivere invading the posterior lobe. 
He® noted that the fully ripened elements of the pars intermedia 
are indistinguishable from the basophil -cells of the pars anterior 
and that they secrete the active hormone of the posterior lobe. Mas- 
sive basophilic invasion is nothing more than an exaggeration of 
the normal secretory process and he feels it is a reasonable explana- 
tion of the symptoms which accompany basophilic adenoma and 
the symptomatically related states of eclampsia and essential hyper- 
tension. This he considers is brought about by an activation of 
the posterior lobe by the basophilic elements. As additional evi- 
dence he cites Hofbrauer and Anselmino, who demonstrated an 
excess of posterior lobelike substance (antidiuretic and hemodynamic) 
in the blood of patients with a hj^iertensive form of eclampsia. 

These observations and tt'e occurrence of pluriglandular cases 
with only a few signs of the basophilic syndrome had led me to 
feel that many cases could be found in whom a basophil adenoma 
could not be proven, but who undoubtedly presented in part the 
clinical syndrome of pituitary basophilism. Following are 2 case 
reports which demonstrate strikingly this sjmdrome. 

Case Abstracts. Case 1. — C.M. (Fig. 1), male, aged 32, was admitted 
to the surgical ward, St. Luke’s Hospital, December 26, 1933, because he 
had felt something snap in his chest while he was lifting a bookcase on the 
preidous day. Several hours after the accident he coughed up some blood. 
He had been examined 3 years previously for life insurance and at that 
time was found to have diabetes. On admission to the hospital he had 
slight polyphagia, polydipsia and nocturia. There was some impotence. 
For many years he had suffered off and on from headaches located bifront- 
ally and parietal. Examination and Roentgen ray studies revealed a 
fracture of the sixth, seventh, eighth and ninth ribs. He was then trans- 
ferred to the medical service of Dr. L. F. Frissell where a complete survey 
of his condition was made. 

Physical examination showed a man of medium height, plethoric and 
rudd}’’, with slight exophthalmos. He was rather obese with marked 
abdominal adiposit 3 ^ The thjToid was not palpable and tlie hands were 
short with rather square fingers. The hair grovd.Ii lyas profuse, ivith 
hea\w ej^ebrows and beard and marked hj^pertrichosis on limbs and abdomen 
(Fig.' 2). On the abdomen below the navel were purpuric linea; atropliicrc 
radiating from the base of the pubes up over the abdomen with some stria; 
also on the thighs and transverse in the supraihac- region. Ej^e grounds 
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(Dr. A. ’Wiener) showed a blurred optic disk \nth tortuous arteries- and 
hemorrhages scattered through the retina — the characteristic picture of a 
diabetic retinitis. The visual fields were normal. The blood pressure was 
180/130. The laboratory examinations were as follows; Hemoglobin, 1107o; 
red cells, 4,700,000; white cells, 12,600; neutrophils, 90 %. The urine showed 
a specific gravity of l.OOG, faint trace of albumin and no sugar, acetone or 
diacetic acid. The blood sugar showed 165 mg. per 100 cc.; calcium, 
10.3 mg. ; phosphorus, 2.6 mg. The blood sugar curve was 125-250-308-200- 
167 mg. The urine sugar tlie second hour was 1.05 gm.; the fourth hour, 
2.15 gm.; the sixth hour, 0.56 gm., and the eighth hour, negative. The 
basal metabolic rate was —23%. There were no changes in the spinal 



Fig. 1. Case 1 showing slight exophthalmos, hirsuties and abdominal striie. 


fluid. Roentgen rays of the skull showed the sella turcica to be of average 
size. There Avas no erosion. The frontal sinuses were small and a mottling 
^^'isra-nular appearance of the skull throughout tvas noteworthy. Through 
the basal region and the sella there was a tliinning out of the bone. Ante- 
riorly, the bones presented a finely granular appearance which suggested 
a loss of calcium. 

■ A second admission on March 24, 1934, was necessary because of swelling 
of the ankles and increasing dyspnea. At this time examination revealed 
flushed plethoric facies with slight exophthalmos; the heart Avas enlarged 
and there Avas a systolic murmur at the apex and an accentuated aortic 
second sound. The blood pressure was 180/140; the liver Avas enlarged 
3 inches below the costal margin and was tender. The eye grounds shoAVed 
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hjTJeremic disk mth spots of degeneration and exudate. The fields were 
normal. Laboratory examinations revealed urea nitrogen, 17 mg.; sugar, 
286 mg.; CO 2 , 52%. The Wassermann test was negative. ,The specific 
gra\ut 3 " of the urine was 1.008; there was a trace of albumin; 3% sugar; 
no acetone or diacetic acid and occasional hyahn and granular casts. Radi- 
ation of the pituitarj’' was recommended on April 4, 1934, and 4 treatments 
were given during wluch time the patient was relatively well and allowed 
to go home. He remained in this state until 4 days before his third admis- 
sion — June 15, 1934. On admission there was C 5 mnosis, Cheyne-Stokes 
breatliing, -plethoric facies, abdominal stria?, hypertrichosis of the body, 
small genitalia. There were fine and coarse rales in the lungs and roughened 



Fig. 2. — Case 1, demonstrating abdominal adiposity with purplish lineaj atrophicae. 


breath soimds. An electrocardiogram at this time demonstrated myo- 
cardial damage. The blood pressure was 195/125. The basal metabolic 
rate was — 16 and — 25 %. The blood count was normal. The blood chem- 
istrj showed the urea nitrogen, 22.7 mg.; uric acid, 6.4 mg.; creatinin, 1 mg.; 
sugar, 285 mg.; CO 2 , 46.6%. On Julj' 6, the urea nitrogen was 15.7 mg.; 
sugar, 125 mg.; CO 2 , 37.4%; uric acid, 6.4 mg.; creatinin, 1 mg. ; cholesterol, 
278 mg. The blood pressure readings were 205/150; 184/140; 180/150; 
164/100, 176/110. He was treated with diet, insulin, cliloral hj'drate and 
diptaUs. His condition improved and he was again allowed to go home. 

He was admitted again on August 28 for the fourth time, with cough, 
hemoptysis, insonmia, pain in the right upper quadrant, dyspnea and 
edema of the legs. He had been active since his discharge from the hos- 




Fig. 3. — Section of ndrennl Bland (X 7), showing moderate enlargement and 

beginning hyperplasia. 


»v 


t 



Fig. 4. Section of hypophysis (X 7), showing hyperplasia of basophil cells, though 
no actual circumscribed adenoma. 






Fig. 5. — Section of anterior lobe ( X ISO) as indicated on Fig. 4 as B: showng 
hyperplastic cords of basophil cells. 



Fig. G. — Section junction of pars anterior and pars ncn’osa ( X 200) shou-ing in%'asion 
by basophil cells into the non-glandular portion. 
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pital. Examination showed respiratory distress, cyanosis, flatness in lungs 
posteriorly, witlr diininislied tuctile freinitus Jind breatlr sounds, crepitant 
rales at base, heart enlarged to the left, blood pressure 250/130, pouty 
abdomen, no fluid, liver 1 inch below the costal margin, and edema of the 
hands and feet. Roentgen ray of the chest revealed markedly enlarged 
heart vdth haziness at base of both lungs. He ran a febrile course— tempera- 
ture, 102° F.— and rapid pulse, developed pneumonia m the right chest 

and died. j .j 

Autopsy. Lungs'. Congestion and edema of the right upper and middle 
lobes with consolidation of the lower. The left lung presented some pneu- 
monic infiltration in the lower part of the upper and in the lower lobe. 



' Fig. 7. — Case 2. Abdominal adiposity of bypopituitary type. 

The pericardial sac contained 500 cc. of fluid, the surfaces were smooth, 
the left ventricle was hypertrophied, the valves were competent, there was 
atheroma in the arch and in the abdominal aorta. The liver extended 8 cm. 
below the xiphoid cartilage and had a nutmeg mottling appearance through- 
out. The spleen, pancreas and kidneys showed nothing on gross examina- 
tion. The adrenals showed a slight diffuse increase in the size of the organ 
(Fig. 3). The pituitary gland weighed 0.72 gm. It was firm a,nd slightly, 
though definitely, enlarged (Fig. 4). Section revealed several diffuse elong- 
ated whitish areas in the anterior lobe. The seUa turcica was normal in 
contour and the clinoid processes were well preserved. The cellular ele- 
ments in the pituitary showed a striking predominance of basophils, con- 
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centrated toward the border betweea the lobes and a direct invasion of the 
posterior lobe (Figs. 5 and 6). 

Anatomic Diagnosis. Massive bronchopneumonia of both lungs, serous 
pericarditis, left ventricular h^ertrophy, myocardial fibrosis, chronic 
passive congestion of the lungs, Mver and spleen. 

Case 2 (Fig. 7). — J. R., male, aged 37, presented himself at the out-- 
patient department at St. Luke's Hospital in January, 1934, for examina- 
tion. He had for some years been a donor for blood transfusions and 
reported that he always felt better after giving blood. He has always been 
fat and well. He had had bitemporal headaches off and on for some time. 



Pig. 8. — Case 2, showing purplish linea: atrophicaj on abdomen and in axilla;. 


Physical examination showed a man of medium height with generalized 
obesity, but especially marked about the abdomen. Shght exophthalmos 
was present and there were purplish iinere atrophica; on the abdomen 
(Fig. 8). The genitalia were small. The heart was slightly enlarged. The 
skin was pale and there was the average amount of body hair. The blood 
pressure was 170/110. Laboratory examinations: Hemoglobin, 101%; red 
blood cells, 5,450,000; white blood cells, 7100, and neutrophils, 76%. The 
blood Wassermann test and the urine were negative. The basal metabolic 
rate was -bl9%. A Roentgen ray of the skull showed the sella turcica to 
be of average size and there was no erosion. 
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This case presents exophthahnos, headaches, _ obesity, hypertension, 
purplish abdominal stritc, polycythemia, small genitalia and loss of libido — 
a group of signs which are characteristic of the basophilic sirndrome. The 
occurrence of the blood changes therein is no doubt a factor in malcing the 
patient able to pursue liis occupation as a donor. 

Discussion. By tlie finding of basophilic hyperplasia of the pitu- 
itary in a patient suft'ering from hypertension, diabetes and many 
of the classical signs of pituitary basophilism, it is possible to forge 
another link in the chain of evidence implicating the hypophysis 
in certain clinical states associated with hypertension. This patient 
showed also abdominal adiposity, plethora, polycythemia, purplish 
linete atrophicie, hj’pertrichosis, changes in the bony structure sug- 
gesting decalcification, exophthalmos, glycosuria and small genitalia 
and impotence. 

This grouping of signs has been associated with a basophilic 
adenoma of the pituitarj’- and will link up that syndrome with those 
cases reported by Cusbing,^-'®-^’^ A significant report by Graef, 
Rottion and Bunim’* on a case of hypertension, glycosuria, purplish 
abdominal strife associated with an adrenal tumor throws some 
doubt upon the relationship of the pituitary to this syndrome. 
However, associated changes in both the adrenals and pituitary have 
been constantly commented upon both in clinical pathologic studies 
and from the results of animal experimentation. Owing to the 
dominant position held by the hypophysis as a regulator of activity 
ih the thyroid, adrenals and gonads, it is not presumptuous in the 
light of our present knowledge to continue to regard the syndrome 
of pituitary basophilism as a primary pituitary disturbance. 

What is the relationship then of this syndrome to hypertension? 
Cushing has in a larger series of observations tried to demonstrate 
that hyperactivation of the neurohypophysis by a basophil cell 
hyperplasia and posterior lobe invasion is the rule in certain types 
of hypertension. Eclampsia, essential hypertension and the hyper- 
tension of the arteriosclerotic are evidently often accompanied by a 
basophilia, which apparently activates tlie posterior lobe and 
increases its humoral output. Just what the hormone secreted from 
the basophil cells may represent in hypophyseal activity is a point 
yet to be determined ; nor is it yet certain that the sex hormone arises 
from these cells. A pressor substance from the posterior lobe has 
long been recognized and the neural connection with the hypothal- 
amic centers is an accepted anatomic and functional fact. On the 
other hand, a conclusion as to etiology of hypertension in these 
basophilias is impossible without a consideration of its association 
with the adrenal glands. The known relationship betwmen these 
glands and their important vegetative connection must be further 
understood before evaluation of hypertension can be made. 

We are ready to consider that the hypertension of pituitary 
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basopliilisni may be associated with either a basophilic adenoma or 
a basophilic hyperplasia and invasion of these cells into the pars 
nervosa. A case showing this situation is reported with autopsy, 
and a second one, still living, is shown with a typical clinical picture. 
It would seem worth while in the light of these 2 cases to scan 
carefully oih medical clinics for further confirmation of this inter- 
esting relationship. 

Summary. 1. The clinical syndrome of pituitary basophilism is 
protean, being reported with basophil adenoma, adrenal adenoma 
and other unverified cases. 

2. One case reported with a hypertensive plethoric s.yndrome 
characteristic of pituitary basophilism was found to have a basophil 
hjTierplasia of the hj'pophysis. 

3. A second case with a less marked simulation of the classical 
syndrome is presented. 

4. Additional evidence is offered that hj^perplasia of the basophil 
cells of the anterior pituitarj'^ may induce a hypertension and a 
typical syndrome of pituitary basophilism as well. 

5. It behooves us •therefore to investigate further the pituitary- 
adrenal— diencephalic complex as a basic cause for hypertensive 
states. 

I should like to express my indebtedness to Dr. Lewis F. Frissoll, Director of 
Medical B Service of St. Luke’s Hospital, New York, for the privilege of reporting 
these cases from his Wards and Clinic, and to Dr. Liela C. Knox for cooperation in 
the pathologic study. 
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A SYNDEOME SIMtlLATING DIENCEPHALIC STIMULATION 
OCCUREING IN PATIENTS WITH ESSENTIAL 
HYPERTENSION. 

By Irvine H. Page, M.D., 

NEW YORK CITY. 

(From the Hospital of the Rockfellcr Institute for Medical Research.) 

The similarity between the reaction in human beings to j3-methyl- 
acetyl-cholin and the reaction to stimulation of diencephalic centers 
has recently been pointed out by Page.^ Since observing this reac- 
tion, its great similarity to a spontaneous syndrome occurring usu- 
a ly in young patients (ages IS to 29) suffering from essential hyper- 
tension has become evident. In the past 2 years 11 such patients 
have been studied. Following is a description of what was observed 
to a more or less marked degree in all of the patients: 

Attacks arise spontaneously at times, but are usually brought oh 
by excitement. A blush first appears over the forehead and cheeks, 
spreading down to the neck and trunk. Particularly over the trunk 
it is blotchy, but often becomes confluent. Over the reddened area 
tiny beads of perspiration appear. The legs and arms are rarely 
involved, and the hands, especially the fingers, may be cyanotic 
and cold. The heart rate increases and the patient may complain 
of palpitation. The blood pressure rises moderately (20 to 30 mm. 
Hg). The eyes water, or actual crying occurs. Salivation may 
take place, and the patients often state that they feel choked. 
Respiration is less frequent, deeper, often sighing, and may become 
labored. Movement of the intestine is felt by the patient and often 
can be heard by an observer. 

These signs and symptoms seldom last for more than a few min- 
utes, but may occur a number of times in a day with greatly varying 
intensity. 

The syndrome has been observed in this fully developed form 
largely in young women. Without exception the disease has been 
severe, as evidenced by high blood pressure (averaging 220 mm. 
systolic and 146 mm. Hg diastolic), and in 1 case by a rapidly fatal 
outcome. Other characteristics were sexual frigidity, profuse men- 
struation and high-strung temperament. Often tremor of the 
hands was present, and attacks of general trembling were not 
uncommon. Slight enlargement of the thyroid gland was often 
observed; the basal metabolism was either normal or slightly ele- 
vated (4-5 to 4-20). Sensitiveness to cold and a complaint either 
of “dead fingers” or of numbness of the hands on exposure to cold 
were frequent. Ringing in the ears, nausea, and a feeling of tightness 
of the scalp over the vertex were common complaints. 
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While this syndrome was most commonly observed in girls and 
young women, various components of it have often been seen in 
older patients. Especiallj’^ common are perspiration, flushing and 
palpitation. Older patients whose blood pressure has long been 
fixed at a high level rarely exliibit it. 

The mechanism of the syndrome is unknown, but it has so many 
features characteristic of stimulation of the centers within the 
diencephalon that it seems profitable to examme the evidence sug- 
gesting its origin at this site in detail. 

Neurologists believe that the hypothalamus is the essential 
instrument of emotional expression. Upon it rests the responsibility 
for translating into behavior the initiative to action which is taken 
by the cerebral cortex,- It is indeed this part of the brain which 
organizes', by means of the sympathetic and parasympathetic sys- 
tems, the most ■\dtal activities of the bod3’^ itself, its visceral func- 
tions, its growth and metabolism, and even such appetites as those 
of sex. More especiallj-, it is in the neopallium (e. g., the non- 
olfactorj^ cortex) that control of such activities is most highlj' con- 
centrated. Nervous impulses circulate through the brain to effect 
coordination between the instruments of the conative dispositions 
and those of the affective (thalamus) and the cognitive (neopallium) 
dispositions of the mind. This mechanism involves the hj'pothal- 
amus, which presumablj’ sets the emotional tone that colors all 
mental and muscular acti^dtj’, in particular in artistic expression 
and self-consciousness.- 

Experimental proof of the function of the diencephalon in the 
emotional activation of the sympathetic nervous sj'stem has been 
supplied bj’^ the observations of Cannon and Britton,® but more 
especiall}" bj^ Bard.'*'^ Thej'- were able to bring about a state which 
thej" called “sham rage” in cats bj-^ removal of the cerebral hemi- 
spheres. Such signs of widespread sj'mpathetic activity were appar- 
ent as erection of hair, rapid heart rate, profuse sweating at the 
toe pads, high arterial pressure and discharge of epinephrin. The 
disposition to exhibit behaAdor which is primitivety emotional, 
comparable to that which enables the normal animal to meet crit- 
ical situations in life, gives strong support to the view that the 
nervous mechanisms for the expression of rage are subcortical. 
The influence of the cortex in this reaction may actually decrease 
rather than increase that exerted b.y the subeortical mechanisms 
(Bard). Bard adopts the view, first advanced b.y Ilughlings Jackson 
and elaborated by Head, that the cortex normally' holds in check 
those activities of the lower and more archaic centers, the unre- 
strained action of which would seriously interfere with its more 
discriminative reactions. He regards action of the caudal half of 
the hj’^pothalamus and the most ventral and most caudal fractions 
of the corresponding segments of the thalamus as the portions 
responsible for the exliibition of sham rage. The diencephalic 
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mechanism is activated during times of stress and emergencies, 
and is responsible for the widespread nervous discharge which then 
occurs. 

Both sympathetic and parasympathetic centers are believed to 
exist within the hypothalamus. The anterior group may be “para- 
sympathetic” because of the relationship of the tuberal nuclei to 
tiie craniosacral division of the autonomic nervous system with its 
peripheral control through vagus and pelvic nerves.'' The posterior 
groups, in the walls of the posterior portion of the third ventricle 
above the corpora mammillaria, are said to contain the sympathetic 
centers. 

At lower levels, bulbospinal centers exist which normally suffice 
for tonic and reflex sympathetic discharges. They can act inde- 
pendently, but may be influenced by centers at a higher level. 

Cushing® has supplied strong evidence for locating in man the 
presence of parasympathetic centers in the hypothalamus by inject- 
ing various substances into the ventricles. Vasodilatation, sweating, 
lacrimation, salivation, increased peristalsis and vomiting occurred. 
A small discrete encapsulated tumor, so placed as to impinge upon 
the anterior and superior portion of the thalmus on each side, was 
found in a patient to elicit at first restlessness, then sudden intense 
dilatation of the vessels of the face, arms and breasts, sudden rise 
in blood pressure, lacrimation, sweating, salivation, increase in 
heart rate, retardation of respiratory rate and hiccoughs, ending 
with transient shivering.^ Clearly these attacks, which Penfield 
called “diencephalic autonomic epilepsy” are explosive, undis- 
criminating discharges which suggest the proximity of a lesion 
(tumor) both to parasympathetic and sympathetic centers. The 
promotor area of the cortex may also participate in the genesis of 
symptoms believed to be characteristic of central autonomic dis- 
charge. Irritation caused by the growth of a tumor often results in 
mcreased sweating and vasodilatation on the contralateral side of 
the body.® 

In the syndrome observed in patients suffering from essential 
hypertension, a marked resemblance to that due to different causes 
and described by Cushing, by Penfield and by Page, is apparent 
(Table 1). 

Clinical experience suggests, accordingly, that in essential hyper- 
tension there is evidence of diencephalic irritation. Emotional 
instability akin to sham rage in cats is a regular occurrence. Phe- 
nomena are observed in these patients which suggest strongly regres- 
sion to more archaic emotional patterns. Their similarity to syn- 
dromes resulting from diencephalic stimulation lead to the belief 
that they, too, have their genesis in the diencephalon. 

Case Abstracts. Case 1 (No. 9193).— P. S., female, aged 26. The blood 
pressure was known to haye been normal until 1§ years ago. About 14 
months ago the patient noticed that she tired very easily, and that she had 
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frequent severe headaches. She became restless, sleepless, irritable and 
complained of “spells” during which she had an uncontrollable desire to 
yawn and cry. Simultaneously her face felt flushed and hot. Her blood 
pressure was found to be 182/116 mm. Hg; and urea clearance 91.5% of 
normal. Fundus examination showed very early arteriolar sclerosis with 
moderate sausage-shaped arteriolar constriction. 


Table 1. — Symptoms op Diencephalic Irkitation. 



Essential 

hypertension. 

Acetyl-i^-methyl- 

cholin. 

Diencephalic 

epilepsy. 

Intraventricular 

pituitrin. 

Probably parasym- 
pathetic 

Sweating 

Vasodilatation 

Lacrimation 

Salivation 

Increased peristalsis 
Slowed respiration 
Deepened respiration 

Sweating 
Vasodilatation 
Lacrimation 
Salivation . 

Increased peristalsis 
Slowed respiration 
Deepened respiration 
Fall in blood pressure 

Sweating 

Vasodilatation 

Lacrimation 

Salivation 

Slowed respiration 
Deepened respiration 

Sweating, 

Vasodilatation 

Lacrimation. 

Salivation. 

Increased peristalsis. 
Slowed respiration. 
Deepened respiration. 

Slight slowing of heart 
rate. 

Probably 

Bympatbetic 

Slight rise in blood 
pressure 

Increased heart rate 
Excitement 

Increased heart rate 

Rise in blood pressure 

Increased heart rate 

Slight rise in blood 
pressure. 

Possibly control 
release 

Fits of uncontrollable 
anger 

Excessive irritability 


Restlessness 



Case 2 (No. 8990).— I. S., female, aged 23, has been verj' much worried 
over a love affair for the past 16 months. During the last year she noted 
that she tired easily. Because of her irritability and uncontrollable out- 
burst of temper her blood pressure was measured and found to be elevated. 
She complains of excessive perspiration most of the time, and often has 
attacks of violent blushing. Lacrimation and salivation usually accompany 
the blushing. She states that while she realizes that her behavior only 
makes her condition worse, she is unable to control herself. The blood 
pressure was found to be 196/116 mm. Hg; urea clearance 69% of normal. 
The eye grounds appear normal except for slight arteriolar constriction. 
Basal metabolism, -f7. 

Case 3 (No. 9101).— E. J., female, aged 24, has always been a very 
nervous person. She noticed for the past few years that she perspires and 
blushes without any apparent Cause, and in the past year the bluslung 
attacks have become very troublesome. Simultaneously she has_ palpita- 
tions, a feehng of tightness and uneasiness in the abdomen and is apt to 
ciy. Tinnitus aurium is almost constantly present. About twice a year 
she" has had attacks strongly suggesting epilepsy. Blood pressure was 
found to be 208/140 mm. Hg; urea clearance 91.5% of normal. The 
disk of the fundus is hyperemic, the arterioles tortuous and very slightly 
constricted, the veins are moderately tortuous and dilated. 

Case 4 (No. 8554).— M. G., female, aged 24, 5 years ago noticed attacks 
of blurred vision, dizziness and profuse perspiration. Always excitable, m 
the past few years she has become verj'^ irritable and restless. She has 
attacks of “choking” during which she states she has to breathe veiy 
deeply associated often with flushing and cr^dng. Blood pressine, 248/146 
mm. Hg; urea clearance, 87.2; basal metabolism, 4-33. Moderate con- 
striction and early arteriosclerosis of the arterioles in the fundus was 
obs6r\^Gd 

Case 5 (No. 9278).-A. S., female, aged 24, first noticed 4 years ago 
that after emotional excitement her face and upper chest became blotchy 
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and that she had spots before her eyes and was dizzy. Her systolic blood 
pressure was found to be 130 mm. She became extremely nervous and 
irritable 7 months ago and exhibited almost all of the signs and symptoms 
of “diencephalic irritation.” Blood pressure was found to be 210/136 mm. 
Hg.; urea clearance, 80% of normal; basal metabolism, +15. Slight, if 
any, constriction of the arterioles of the fundus was observed. 

Case 6 (No. 9317).— R. H., female, aged 17, first suffered 3 years ago 
from attacks of dizziness and headaches which prostrated her. One year 
ago she decided to become a nun. Physical examination showed her blood 
pressure to be 160. For 2 or 3 years she has exhibited attacks quite char- 
acteristic of “diencephalic irritation.” Unquestionably she suffers from 
emotional instability and conflict. Blood pressure was found to be 174/118 
mm. Hg; urea clearance, 108% of normal; basal metabolism, -f4._ Mod- 
erate tortuosity of the retinal arterioles and but slight constriction was 
obsenTd. 

Case 7 (No. 9306).— B. H., female, aged 32, has been a high strung, 
emotional person for the past 10 years or more. Irregularity in her sexual 
activity has caused much difficulty in her life. Vasomotor instability, as 
shown by mottled blushing of her face and upper chest with palpitations, 
has been present for many years. The blood pressure was found to be 
elevated 8 years ago. At present it is 190/120 mm. Hg; urea clearance, 
97 % of nonnal; basal metabolism, +21. The eye grounds are normal. 

Case 8 (No. 9339).— A. R., female, aged 25, for the past few years has 
noticed attacks quite typical of those described as “diencephalic irritation.” 
Two years ago her blood pressure was found to be 140. It has gradually 
risen to 200 and now varies from 170 to 230 mm. Hg systolic, and 108 to 
138 mm. Hg diastolic; urea clearance, 73% of normal; basal metabolism, 
+11. The eye-ground disks are hyperemic, the arterioles constricted and 
the veins dilated. There is very slight perivasculitis. 

Case 9 (O.P.D.). — E. C., female, aged 36, has had many emotional 
conflicts. She has shown evidence of “diencephalic irritation” for the 
past 3 to 4 years. Two years ago her blood pressure was normal but is 
now 162/98 mm. Hg. Urine is normal and no pathologic changes are 
observed in her eye grounds. 

Summary. A syndrome has been described which is observed in 
its fully developed form largely in young ivomen suffering from 
essential hypertension, but components of which may occur in many 
cases of essential hypertension. The signs and symptoms so closely 
resemble those resulting from irritation of sympathetic and para- 
sympathetic centers in the diencephalon, and possibly the promotor 
area of the cortex, as to suggest that they originate there. Phe- 
nomena also occur in these patients which suggest strongly regres- 
sion to more archaic emotional patterns, possibly having their 
genesis in the thalamus and hypothalamus. 
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Recent studies on the effect of adrenalin injection on the blood 
picture hat'e been influenced so much by Barcroft’s'’-*® -n’ork on 
the physiologic contraction of the spleen that sight has been lost 
of early literature on this subject. This has been reviewed ablj'- by 
Ivagi,^ Edmunds and Stone,® Lamson*'--" and recently by Benhamou.® 
Although certain investigators find no constant changes in the 
blood response after the injection of adrenalin, in general the litera- 
ture records Ieukocji:osis and polycythemia. Some authors®-*® find 
a characteristic leukocj'te formula with Ijunphocytosis rapidly 
followed by neutrophilic leukocjdosis. The cause of the white 
blood cell increase has been variously attributed to stimulation of 
the A'egetative nervous system;** to a cbemotactic reaction;*®-*® to 
direct stimulation of myeloid and lymphoid tissue;® to functional 
state of lymphoid tissue ;*■* to mechanical alteration iu the blood 
stream;* to unequal redistribution of cellular elements;*® and to 
contraction of the spleen with expulsion of stored cells.®-*®-*® 

An increase of red blood cell and hemoglobin concentration fol- 
lowing injection of adrenalin also has been observed in animals 
and man.®-*®-*®-*® Its cause is debated. Earlier workers have as- 
cribed the effect to hemoc-oncentration. Lamson,® for example, 
belicA'cs it is due to constriction of the hepatic veins ^Yith loss of 
plasma. IMore recent publications*®-*® imply an outpouring of cells 
from the spleen, despite the fact that increases of blood volume were 
not obtained. 
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It is beyond the scope of this paper to evaluate the exact nature 
of the adrenalin effect on the blood picture. It does, however, seem 
timely to determine whether or not this drug acts by squeezing 
from the spleen a reserve supply of blood. Studies with this objec- 
tive have been made previously by Frey-® and Edmunds and Stone® 
on animals. In rabbits Frey found the characteristic leukocytosis 
wanting after splenectomy. In guinea pigs extirpation of the spleen 
made no difference in the response. Edmunds and Stone found 
that an increase of white cells, red cells and hemoglobin occurred 
after adrenalin injection in dogs whether the spleens were intact 
or removed. 

Since observations on animals may be misleading when compared 
with responses observed in man, it is pertinent to review previous 
clinical studies where a comparison has been made between patients 
with and without spleens present. ICi'euter®^ and Frey®® each re- 
ported a case in which leukocjffosis occurred following adrenalin 
injection in a splenectomized patient. Schenk®® did studies on 
patients with splenomegaly and on 3 patients after splenectomy. 
Following the subcutaneous injection of 1 to 2 mg. adrenalin there 
• occurred a rise of red blood cells, hemoglobin and white blood ceils 
in all instances. 

Yang^® did a similar study on 3 normals, 4 patients with spleno- 
megaly and on 2 splenectomized patients. There occurred an 
average increase of about 400,000 red blood cells and 4% hemo- 
globin in patients with splenomegaly after subcutaneous injection 
of 0.5 to 1 cc. of 1 to 1000 adrenalin hydrochlorid. No significant 
alteration in red blood cell or hemoglobin concentration of the 
normal and splenectomized patients took place. With this mod- 
erate gain in red blood cells and hemoglobin, it is not remarkable 
that subsequent blood volume studies^® showed no appreciable 
change. This failure was attributed to a CO method which was 
believed to record falsely elevated initial values because of absorption 
of the gas by the spleen. 

Recently Benhamou® reported results of studies similar to those 
of Yang. A moderate transitory increase of red blood cells and 
platelets occurred except in the splenectomized patients. This 
difference was attributed to the absence of the spleen in the latter 
cases. However, persistent leukocjdosis was observed in all 
instances, and he therefore concluded that the white blood cell 
increase was not a function of splenic contraction. 

Because of the diverse results and the difficulty in the interpreta- 
tion of the blood changes produced by adrenalin injection, we felt 
there was need of determining whether or not the spleen actually 
was significantly involved in the reaction. 

Methods. Blood studies were, therefore, made before and after the 
subcutaneous injection of adrenalin on 2 normal persons, on 9 patients with 
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chronic hemolytic jaundice— 5 with spleens and 4 without spleens— and 
on 6 patients with splenomegaly associated with various other diseases. 

In each patient 'a single subcutaneous injection of adrenalin hydrochlorid 
1 to 1000 dilution (Parke-Davis), in doses of 0.8 to 1 cc. was made. The 
patients experienced c^racteristic reactions with tachycardia, elevated 
blood pressure, palpitation, sweating, nervousness and tremor. 

Three venous blood samples were obtained in each case, using 0.05 cc. 
of 20% potassium oxalate as an anticoa^ant for 5 cc. of blood. The first 
sample was takm just before the adrenalin injection; the second, 15 minutes 
after the injection; the third, several hours later. Capillaiy blood samples 
were taken at the same time as the venous blood and an additional capillary 
sample was taken at 5 minutes after the adrenalin injection. The 5-minute 
and 15-minute observations were made because the marked effects described 
by other workers have occurred during the first 15 minutes. The times for 
the final sample were varied in the hope of finding the optimal time for 
observing a delayed response. 

Ked blood cells were enumerated by averaging the counts in two cham- 
bers. Hemoglobin was determined in duplicate, using a Sahli hemometer 
so calibrated that 100 % corresponded to an oxygen capacity of 21 volumes 
of oxygen per cent. This was assumed to be the oxygen capacity of 15.6 gm. 
of hemoglobin. Hematocrit studies were done and indices determined 
according to the' Wintrobe method.^’ Total white blood ceU and platelet 
counts were made from capillary blood from the ear lobe as well as differ- 
ential white blood cell counts of 200 cells and determinations of the per- 
centage of reticulocytes in 1000 red blood cells. 

Results. The blood studies on 2 normal persons and on 4 splen- 
ectomized patients with hemolytic jaundice are recorded in Table 1. 
The red blood cell and hemoglobin concentrations are seen to have 
fluctuated no more than may be expected to arise from technical 
error. Detailed hematocrit indices also were determined, but the 
changes observed were very small and were regarded as insignificant. 
Increases of white blood cells, however, appeared to be constant and 
prolonged. This increase involved neutrophils, lymphocytes and 
monocytes. For the cases of hemolytic jaundice with spleens, the 
average wFite cell counts and the average absolute counts of the 
different white cells are plotted in Chart I. Young neutrophils 
showed an immediate decrease and later a return up to and exceed- 
ing the initial levels. For the most part these remained within the 
normal range of 2% to 5%. Reticulocji:es in both absolute and 
percentage numbers were essentially unchanged following the injec- 
tion of adrenalin. In 3 cases of this group there was a moderate 
increase in the number of blood platelets after adrenalin injection. 

In Table 2 a similar tabulation is made for observations on 5 
patients with hemolytic jaundice and splenomegaly. In 2 of these 
patients (Cases 1 and 5) there occurred a definite but merely transi- 
tory increase in red blood cell and hemoglobin concentration. An 
increase of total white blood cells, involving neutrophils, b^mpho- 
cjffes and monocjffes, took place in every instance after adrenalin 
injection. Here, too, as in Table 1, there was a tendency for 
young neutrophils to decrease and later to increase in number, but 
never exceeding in per cent the normal range of such cells. No sig- 
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nificant change in number of reticulocytes occurred. The average 
total white cell counts of this group are plotted in Chart I as well 
as the average absolute counts for the different kinds of white blood 
cells. ' 


Table 1. — Observations on the Blood Picture Before and After Subcuta- 
neous Injection of Adrenalin Htdrochlorid, 0.8 to 1 cc., in 2 Normal 
Subjects and 4 Splenectoauzed Patients IVith Chronic Hemolytic 
Jaundice. 
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42.3 


9,450 
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125 
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4 Splencctomizcd Patients With Chronic Hemoiyiic Jaundice. 
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1002 1 
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1.0 

1 1.2 


1 hr. 

4.50 

14.0 

4i.4 
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26,780 

17,942 

6,829 

1740 
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0.5 

2.2 


2 hrs. 

4.37 
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1 41.6 

l 1 
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1 

20,300 

1 16,139 
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1 

1522 

406 

2.0 ! 

1 
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Note.— Counts of basophils and eosinophils were not tabulated because their numbers were 
not regarded as significantly altered. 


In Table 3 a similar series of observations is recorded for patients 
with splenomegaly associated with various diseases. Cases 1 to 4, 
inclusive, had chronic myeloid leukemia; Case 5 had osteosclerotic 
anemia and Case 6, polycythemia vera. Although the data are not 
so complete as in the other groups, one can observe that no appre- 
ciable change occurred in red blood count or hemoglobin except in 
Case 1, where a moderate rise took place; that an increase of white 
blood cells likewise was the rule. Under the heading young neutro- 
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phils ” are included raj’-elocytes and myeloblasts. In several cases 
these appear to be increased in absolute and percentage numbers 
after the injection of adrenalin. Ho'\ve\'-er, the white cell distribu- 
tion in leukemia is notoriously unstable and the changes observed 
may not be interpreted strictly as part of a causative sequence. 


Chart I.— Illustrating changes in the absolute number of white blood cells before 
and after the subcutaneous injection of adrenalin in patients with chronic hemolytic 
jaundice. 



Although absolute white blood cell changes appeared to be more labile after 
splenectomy than when spleens were intact, the percentage increase was not very 
different in the two groups of cases. 


Discussion. It is obvious from the data presented that little 
difference was noted in the effect of adrenalin upon the peripheral 
blood values in hemoljdic jaundice in patients with or without 
spleens. The fact that similar results were obtained in a miscella- 
neous group with splenomegaly indicates that the lack of difference 
is not due to a peculiarity of the disease, hemoljdic jaundice. 
Moreover, this disease should be ideal for demonstrating a change 
in the blood picture following adrenalin injection, since it is charac- 
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terized by marked congestion and cellularity of the splenic pulp 
with little fibrosis or thickening of the capsule. 


Table 2.— Observations on the Blood Pictdrb Before and After Subcu- 
TANEOES Injection of Adrenalin Htdrochlorid, 0.8 to 1 cc., in 
5 Patients With Chronic Hemolytic Jaundice. 
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In spite of the fact that the doses used and the time of observations 
compare closely with the methods of Yang, Benhamou and others, 
who found red blood cell and hemoglobin increases, we failed to get 
constant or persistent changes in these constituents. Granted that 
the time of observations may have caused the response described 
by some authors to be missed, nevertlieless such a transitory change 
could have little physiologic significance. In the normal dog, 
splenic contracture is said to increase the circulating blood volume 
by one-fifth.i If a comparable effect is produced in normal man, 
hoAV much greater then should be the effect in cases with spleno- 
megaly. 

Admittedly our studies should have included blood volume deter- 
minations. The changes we observed were so trifling in the case 
of red blood cell and hemoglobin concentrations that we did not 
think at the time that blood volume determinations were essential. 
If we had injected larger doses of adrenalin, as Edmunds and Stone 
did with dogs, we might have found more pronounced effects. 

In all types of patients studied there occurred a sharp leukocytosis, 
involving both myeloid and lymphoid cells, which subsided after 
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several hours. Certainly, since splenectomized patients exliibit the 
phenomenon as readily as those with spleens intact, this change is 
not a splenic function alone. 


Table 3.— Obsebvations on the Blood Picture Before and After Subcu- 
taneous Injection of Adrenalin Hydrochlorid, O.S to 1 cc., in 
6 Patients With Splenomegaly. 
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Osteosclerotic Anemia. 
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Polycythemia Rubra Vera. 
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No significant increase of either young white cells or of young red 
cells w'as observed. If the germinal centers, such as occur in the 
bone marrow, spleen and Ijnnph nodes, were involved in the blood 
changes, one would expect an ejection predominantly of these young 
forms. This did not occur, except in certain cases of the miscella- 
neous group where immature cells already existed. In these in- 
stances the ratio of mature to immature forms was probably not sig- 
nificantly altered by the injection of adrenalin. 

It is not implied that adrenalin or other drugs do not cause 
splenic contraction, for they most assuredly do; nor is it denied that 
the spleen may function as a reservoir for the circulating blood, as 
suggested by Barcroft. It is believed, however, because of a critical 
review of previous studies, particularly those of Schenk^^ and 
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Benhamou,® as well as our own, that the adrenalin test, as applied 
to cases with pathologically enlarged spleens, is not a measure of 
splenic function alone. 

The red blood cell changes observed by other investigators and 
in 3 of our cases may be due to an outpouring from the spleen as a 
blood reservoir, but one should recall that there are other depots 
for the circulating blood— such as the liver, skin and splanchnic 
vessels, which are also susceptible to adrenalin stimulation. More 
likely an increase of red blood cells and hemoglobin without corres- 
ponding increase of blood volume would be the result of hemocon- 
centration. The white blood cell increase we also prefer to explain 
as due to a mechanical alteration in the blood stream, a theory 
propounded by Kagi.‘‘ These cells, either pooled in inactive vascu- 
lar beds or lying along the periphery of the vessel walls may be 
thrust into the axial blood stream by active conti’action of the blood- 
vessels or by increased velocity of the axial flow. 

Summary and Conclusions. 1. Blood studies before and after 
the subcutaneous injection of adrenalin were made on 2 normal 
subjects, on 9 patients with hemolytic jaundice— 5 with spleno- 
megaly and 4 with their spleens removed— and on 5 patients with 
splenomegaly from miscellaneous diseases. 

2. In no case was there a signifieantly sustained ehange of con- 
eentration of the red blood eells, of hematocrit or of hemoglobin. 
In all cases leukocytosis involving both myeloid and lymphoid cells 
occurred. This increase in cells was charaeterized by mature forms. 

3. Since the changes observed were not greater in patients with 

spleens than in those after splenectomy, they appear not to be due 
to splenie contraction. i 

4. It is suggested that a mechanical alteration in tlie blood stream 
involving many areas and organs in the body is responsible for the 
effects observed. 
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EXTREME TACHYCARDIA IN THE NEWBORN. 

f 

With Report of a Case. 

By Lee E. Farr, M.D., 

NEW YORK CITY, 

ANI> 

Matron E. Wegsevn, M.D., 

NEW HAVEN, CONNECTICUT. 

(From the Department of Pediatrics, Yale University School of Medicine, and the 
Pediatric Sorrdoe of the New Haven Hospital and Dispensary.) 

Reports of cases of A'^ery rapid heart rates in infants haA^e come 
from many sources and are not as infrequent as might be supposed. 
The use of the electrocardiograph has, of course, made it much 
easier to recognize and classify the disorder and has uhdoubtedly 
given impetus to the more frequent submission of reports. No at- 
tempt Avdll be made here to reAucAV the literature exhaustively since 
this has been done in several published papers. Those bearing on 
the points of special interest will be mentioned. 

The youngest case on record is that of Werley” Avhose patient 
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was 4 days old when the condition was recognized. The rate as 
determined by polygraph was 307 and the child was intensely 
cyanotic. Death occurred on the 6th day and necropsy failed to 
reveal any significant cardiac lesions. 

Electrocardiographic tracings were obtained in Colgate and 
McCnlloch’s® 2 patients in whom the age at onset of the tachycardia 
was 21 and 24 days, respectively. The rate in the former' was 250 
and the. latter 291. Both patients were free of symptoms at the 
time of the report, the first infant having gone 6 months and the 
second 7 without a recognized attack. No etiology was discovered. 

Doxiades® reported the case of a newborn the onset of whose 
first attack came at the age of 7 days and who had in all 4 episodes of 
tachycardia, each lasting several days except the last which ter- 
minated in 24 hours. The electrocardiogram showed auricular 
tachycardia. There Avere no subsequent attacks during 4 months 
of observation. 

In 2 cases cited by von Bernuth,*® 1 of an infant of 3 weeks and 
the other of an infant of 2 months, the attacks of tachycardia came 
on suddenly and ivere associated with pronounced cyanosis and 
symptoms resembling shock. In the younger infant improvement 
after the first attack was followed by recurrence and death. The 
course in the older child showed no remission. Necropsy revealed 
in both cases diffuse encephalitis wliich the author believed was the 
etiologic factor. In an earlier paper*'* the same author offered 3 
cases suggesting widely differing possible etiologies. One of his 
patients had paroxj'-smal tachycardia following a toxic myocarditis 
complicating chorea. A second had attacks “induced by worry” 
and a third was ill with progressive muscular dystrophy Avith which 
the seizures of tachycardia Avere thought to be associated. 

DeBruin’s'* patient was 5 Aveeks old and the tachycardia, rate 
280, Avas thought to be due to encephalitis. The patient recoAmred. 

A case of tachycardia ■ associated Avith congenital heart disease 
was observed by Schuster and Patterson.*® Cyanosis and dyspnea 
had been present from birth but the child Avas first seen at the age 
of 2 months. It INed only 2 days longer and had many paroxj^sms 
Avith uncountable pulse, while the interA’-al rate was 180 to 200. 
Necropsy showed transposition of the great vessels and several 
anomalous communications between the cardiac chambers. 

O’Flyn® presents the case of a child aged 8 montlis who had two 
attacks of tachycardia without forewarning, lasting 8 days and 24 
hours respectiA^ely, and during which the only untoward symptom 
was anorexia, cyanosis being absent. The cardiac rate during the 
attacks could not be determined but an electrocardiogram taken 
after the termination of the second attack shoAved no abnormalities. 
Small doses of digitalis had no effect. 

Koplik*' reported 3 cases: one associated with bronchitis at the 
onset had repeated paroxysms for two years; another, with a rate 
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of 240 when seen at the age of 3 years, had had attacks since the 
age of _6 months, but had never been acutely ill. The writer found 
digitalis of value in controlling the acute episode but not in prevent- 
ing its occurrence. 

hlalossi’s® paper contains electrocardiographic tracings illus- 
trating both the onset and the end of a paroxysm. The rate in 1 
case, a child aged 6 years, was 240 and in the other, an infant aged 
1 year ill with pertussis, was 260. The tracings suggest Butter rather 
than tachycardia. The child with pertussis had no recurrence of 
tachycardia after recoverj\ 

The influence of congenital lues as an etiologic factor is discussed 
by Franke and Weiner® of whose 2 patients one, a boy aged 10, had 
a positive Wassermann reaction. The other, a girl aged 11 , had, as 
a complication of the tachycardia, ischemic gangrene of both legs 
for which amputation was necessary. The ischemia Avas thought 
to be due to an embolus in the lower aorta which had arisen either 
from stagnant blood in the auricles (as is seen in auricular fibrilla- 
tion) or from coexistent A'^egetatiA’-e endocarditis. 

Willius and Amberg'® found difficulty in distinguishing between 
simple tachj’^cardia and auricular flutter in the indiAodual case. 
Subsequently they^® reAnewed many of the knoAAm cases and dis- 
cussed the criteria for classifying the disorder. 

Of 4 cases studied by Shookhoff, LitA^ak and Matusoff,’® 3 were 
thought to be flutter with one to one rhjdhm. One patient had 
only two attacks and showed no other findings. Another had the 
first attack of tachycardia while conA^alescent from pertussis but 
has continued to haA^e them since, uninfluenced by medication. 
The third and fourth cases were associated Avith myocarditis and 
congesth'e failure. Necropsy findings in the last case, presented 
in detail, show round-cell infiltration, considered a healing infectious 
myocarditis. 

Brown^ reAdews and analyzes a number of cases and reports that of 
a 35 -year-old child who had had paroxj^sms every 3 to 4 days from 
the &st year of life. The rate was: about 200 and there were no 
subjectiA^e sjTnptoms. 

A rhabdomyoma inAmlving the conduction system was found at 
necropsy on a 10-month-old girl observed by Wegman and Egbert.^® 
The patient had had sjnnptoms for seA'eral months but the cardiac 
arrhythmia, believed to be auricular flutter, was noted only on the 
day of death. ' 

Tatafiore’® does not add any new cases but describes the physio- 
logic and pathologic modifications of the heart rate in children. 

In 1931 Carr and jMcClure® described the case of a newborn infant 
whose apex rate at birth was 180. At the age of 26 hours an electro- 
cardiogram showed auricular flutter. By the tenth day of life the 
cardiac rhythm was normal and no further abnormalities were 
noted. 
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Recently Shernican and Scliless^ have recorded the case of a child , 
vRo was ivnown to have a very high fetal heart rate— about 190, 
but seemed all right at birth. At the age of 1 month, because of 
breathing difficulties, roentgenograms of the chest were taken 
which showed enlargement of the cardiac silhouette. An electro- 
cardiogram at the same time showed auricular flutter with 2:1 
block— an auricular rate of 464 and a ventricular rate of 232. At 
the age of 2 months, because of spells of pallor and weakness, she 
was admitted to the hospital where similar findings were made. 
The baby was treated with digitalis and normal rhythm w'as estab- 
lished and has continued since. They ascribed the disorder to 
immaturity of the conduction bundle. 

The following case is reported as another illustration of benign 
cardiac arrhythmia in the newborn, where no etiologj^ is apparent. 

Case Report. J. C., white male, born May 17, 1933, was admitted 
to the Pediatric Service of the New Haven Hospital on June 10, 1933, at 
the age of 24 days, referred by Dr. W. C. McGuire. The chief complaint 
was heavy breathing and loss of appetite. 

The family history was non-contributory; the father aged 33, the mother, 
271, and 1 female sibling, 3, were in good health. 

The pregnancj'’ had not been abnormal and the delivery was spontaneous, 
having taken place in a hospital after a labor of 90 minutes. The fetal 
heart rate varied between 140 and 160. Birth weight was 8 pounds, 2 
ounces, and physical examination was reported as negative. At the age of 
9 days, when the patient and mother were discharged, he weighed 7 pounds 
12 ounces. Breast feedings alone were given. 

Nothing untoward was noticed imtil 5 days before admission when the 
child began to have 4 or 5 loose stools daily. Beginning at 2 a.m. on the day 
before admission . the baby refused most of his feedings, was breathing 
heavily and looked ill. The mother noticed that the urine colored the 
diaper pink. He was given a teaspoonful of milk of magnesia. On the 
day of admission the patient had a very green stool. A physician who was 
called ordered a soda enema. However, the child seemed to be growing 
weaker and the dyspnea more marked so Dr. McGuire was called in con- 
sultation. He detected an extremely rapid heart rate and sent the child 
to the hospital. 

The patient was admitted to the accident room at 8 p.m.; at this time his 
temperature was 36.8° C., and respirations 76 per minute. He was well 
developed and nourished but was pale and looked gravely ill. The lips 
were slightly cyanotic and the respirations shallow although the child was 
crying shrilly. The heart, which ffid not seem enlarged, was beating with 
regular rhythm at a rate too rapid to be counted but estimated at 300 
per minute. The breath sounds had a prolonged expiratory phase but there 
were no rdles. The liver was definitely enlarged with the edge 3 finger- 
breadths below the costal margin and the spleen was down fingerbreadths. 
No peripheral edema could be made out. 

Laboratory Data: The red blood cell count was not abnormal. The white 
blood cell count was 24,000 with 34% neutrophils and 64% lymphocytes. 
The Kahn test, intradermal tuberculin reaction and urinalysis were all 
negative. 

The child was placed in an oxygen tent and his color improved. Pressure 
on the eyes, vagi, and the abdomen had no effect on the heart rate. At 
2 a.m. he was given an hypodermoclysis of 35 cc. saline and 35 cc. 5% 
glucose solution. At 2.45 a.m. the child was given morphin, gr. and 
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digifolin, 0.8 cc., equivalent to O.OS gm. digitalis. No change was observed 
in the heart irithin the ne.vt hour. 

At 10 A.M. the ne-xt morning the child looked much better. His tempera- 
ture was 37.6° C. The heart rate had decreased to 122 per minute and 
the respirations to 46. The liver had receded to 2 fingerbreadths below the 
costal margin. A cardiologist, Dr. H. hi. Mar\in, reported a third heart 
sound to be present. An attempt to take an electrocardiogram was un- 
successful because of the baby’s muscular movements. 

The further course was -uneventful and the patient gained 22.5 gm. during 
his 12-day stay. 

Eoentgenograms taken on admission .show greatly increased hilar mark- 
ings and similarly increa.sed peripheral markings e.xtending well out into 
both lung fields. There is no evidence of infiltration or effusion, Pilms 
taken the next day, shortly after reestablishment of the normal cardiac 
rate, show a still greater increa.se in the markings described above. Fxirther 
films taken 2 and 10 days later show striking and progressive improvement, 
the last presenting an essentially normal appearance. In view of the clinical 
picture the roentgenographic findings are compatible with a diagnosis of 
passive congestion. 

For 3 days at Imrae the child did well but on June 25, 15 days after the 
first actaiission, the mother noted rapid respirations and Iw direct ausculta- 
tion discerned tachj'cardia. Pallor but not cyanosis was present, l^Tien 
improvement did not appear in 24 hours the child was brought to the 
hospital. 

Second Ad.mission. (Patient 39 days old) . The temperature was 37,2° C. 
and respirations 96 per minute. The heart rate was again too rapid to be 
count ed. The lungs were clear but the liver was enlarged as prewously. 

An electrocardiogram taken on admission shows a rate of 300 with 
regular rh 3 dhm. The deflections are predominant^’’ do'nnward in Lead I 
and upward in Lead III— left axis deviation (new terminologj’’). There is 
a tendenc}’’ to rhjdhmic alternation in the size of the T wave in Lead I. 
The configuration is compatible with a diagnosis of either auricular tachy- 
cardia or auricular flutter with one to one rhjiihm (Fig. 1). 

Koentgenograms were similar to the first ones taken on the previous 
admission in showing bilaterally increased pulmona^" markings. 

Forty-five minutes after admission the infant received O.OS gm. of digi- 
talis as digifolin subcutaneousty along with morphin, gr. xty. Six hours 
later the child seemed better although still pale; the heart rate was about 
120 per minute; respirations 50. Another electrocardiogram at this time 
showed an essentia% normal configuration (Fig. 2). 

For the remainder of the I-daj’’ sta 3 ’^ in the hospital the heart rate varied 
from 100 to 130 and nothing unu-sual occurred. He was discharged Juty 3, 
ha™g gained no weight. , , , • 

Again the bab 3 ^ did well at home but 8 da 3 ’s after discharge_ he lost his 
appetite and the mother noted tach 3 'cardia. There was neither pallor 
nor c 3 ’^anosis. Dr. iMcGuire was called and gave_ the patient 2 drops of 
tincture of digitalis even’’ 4 hours. He received, in all, the equivalent of 
75 mg. of digitalis without improvement and admission was advised. 

Third Aomssiox. (Patient 55 da 5 ’’s old). Did not look very ill but 
was slightty C 3 '^anotic. Another electrocardiogram was similar to the first 
(Fig. 3), but showed more persistent alternation in the size of the T wave 
in all leads. Digitalis, 25 mg., in the form of digifolin, was given immediately 
and 7 hours later. No change was observed until the next morning when 
the rate was 120 per minute. C 3 mnosis i\'as no longer present but the liver 
was still enlarged. The total amount of digitalis was 125 mg. 

Two da 3 's later the patient was discharged with the heart rate 120 and 
the liver again at its average size. 
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There were no subsequent attacks at lioine until 3 months after discharge 
(age 5 months) when the baby became cyanotic during his bath. Although 
nothing abnormal in the beaut was found liy the ph}^sieian the next day 
the infant was given tincture of digitalis 2 minims 3 times a day for 10 
days. About a month and a half after this there was another seizure of 
tachycardia lasting 3 hours. Thvo months following this tl:e baby had a 
very transient paroxysm. Since then he has been free of attacks, has gained 
weight and developed in a normal fashion. 

Discussion. This case presents several unusual aspects. The 
observations on tlie fetal heart rate offered an opportunity to detect 
abnormalities of rate at a time when the latter tends to be high 
naturally. No such changes were encountered. 

Careful observation of the child has failed to give any hint as to 
what the etiology might be and the decreased frequeney and lessened 
severity of the attacks makes it doubtful if any light will be tlu’own 
on this point. The fa^'orable course thus far is compatible with a 
good prognosis and whatever factors produced the condition acted 
for a relatively short period and are not now operative. 

No treatment that was gir'en during the acute attacks showed 
any apparent favorable effect on the course of the disease. The 
symptomatic supportive treatment may have been of greater value 
than any atteinjit specifically to influence the heart rate.r 

The roentgenograms presented a very unusual picture and in the 
absence of a definite cardiac disorder it would have been difficult 
to exclude a primary pulmonary lesion. However, we feel justified 
in assuming that the disturbances in the respiratory system, objec- 
tively and subjectively, were a result of the cardiac dysfunction in 
this instance. 

The electrocardiographic tracings do not permit of an accurate 
distinction between auricular tachycardia and auricular flutter 
with one to one rhythm. Individual P waves may be distinguished 
but, on the other hand, they may be regarded as part of the flutter 
cycle which may be discerned if one disregards the ventricular com- 
plexes. In an adult the rate Avould make a diagnosis of flutter 
almost certain, but when one considers the rapidity with Avhich a 
normal infant’s heart may beat when the child is crying, one must 
admit that a higher limit ought to be postulated for paroxysmal 
tachycardia in infants. The significance of the alternation in the 
size of the T wave is also obscure. It has been suggested that such 
a phenomenon indicates two sources of origin of the heart beat 
which alternate in the initiation of the excitatory stimulus. There 
does not seem to be any strong evidence supporting this view. ■ 
Alternation of the size of the T w^ave with concomitant alternation 
in size of the Q-R-S complex is found in pulsus alternans. We do 
not think the latter condition was present in this case. It is debat- 
able whether any significance should be attached to the failure to 
react to vagus stimulation. 
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Conclusion. 1. A case .of extreme tachycardia, of unknown 
etiolops in a very young infant, is presented with roentgenological 
and electrocardiographic studies. 

2. The course of the disorder was not obviously influenced by 
treatment. 
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A STUDY OF THE VALUE OF INSULIN IN UNDERNUTRITION. 

By R. H. Freyberg, M.D., 

INSTRUCTOR AND RESEARCH ASSISTANT IN INTERNAL MEDICINE, UNIVERSITY 
OF MICHIGAN MEDICAL SCHOOL, ANN ARBOR, MICH. 

(From the Department of Internal Medicine.) 

Insulin has been suggested as a therapeutic agent in a host of 
non-diabetic conditions. In a discussion of the indications for the 
use of this drug, Campbelfl states that ‘ among the thousands of 
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papers now written on insulin there are some recommending it on 
quite insufficient grounds for almost every ill to wliich flesh is heir.” 

One of the first non-diabetic ailments for which insulin was recom- 
mended was malnutrition. In 1923, scarcely a year after insulin 
was discovered, Pitfield- reported good results using insulin in 2 
cases of infantile inanition. In the following year Marriott® and 
Barbour'* reported marked gains in weight in malnourished infants 
given glucose and insulin. Falta® in 1925 was the first to describe 
the use of insulin in cases of adult malnutrition. He states, “begin- 
ning with the first experimental day each of the 3 patients studied 
developed an enormous appetite which increased to actual ravenous 
hunger with increasing insulin dosage.” With this as a beginning a 
voluminous literature has accumulated in which insulin is enthusi- 
astically recommended for the treatment of undernutrition resulting 
from most any cause. Its use especially in thin persons without 
organic disease is advised by Short,® Nichol,^ Da\ddson,® Metz,®-*® 
Barker,** Blotner*®'*® and Barron;*'* in malnourished patients with 
“gastro-intestinal disease or symptoms” by Lueders and Watson;*® 
in undernourished tuberculous patients by Arnold,*® Allen* ^ and 
Heaton,*® and in psychotic patients by Appel, Farr, and Marshall.*®'®® 

In the large literature dealing with the subject, one seldom en- 
counters an article discouraging the use of insulin in undernutrition. 
Tisdall et al.,"'- Tezner and Ebel,®® and more recently Radwin and 
Brown®® report poor results from the use of insulin in malnourished 
children. A follow-up study made by Nichol®'* showed that relatively 
few of his insulin treated adult patients maintained the weight they 
had gained.' Wilson, Levine, and Gottschall®® found no fundamental 
difference in carbohydrate metabolism between normal and maras- 
mic infants, and found no appreciable difference in the amount of 
carbohydrate burned in infants when they received insulin or when 
■they did not. These workers conclude, therefore, that the use of 
insulin as a therapeutic agent in marasmic children is not indicated. 

The number of satisfactorily controlled investigations of the 
value of insulin in undernutrition is conspieuously small. Rarely 
has the effect of insulin been noted separate from that of the im- 
proved diet which is simultaneously given. Nor has there been 
sufficient study of the possibility that benefit observed during the 
administration of insulin and attributed to this drug, may be 
largely if not entirely due to a psychic effect. , 

It is natural then that one might ask the following questions: 

1, If insulin causes a gain in weight, is this accomplished through 
any action of insulin, per se, or is it merely by means of suggestion? 

2, Is the gain in weight, if it occurs, brought about by increased 
ingestion of food, or by better assimilation? 3, Is there any con- 
sistent relationship between the level of sugar in the blood and the 
desire for food? 4, How much of the fattening attributed by 
many authors to insulin is the result of an improved diet and forced 
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feeding ? 5, Might not a patient, aware that he is receiving insulin, 
eat more food only because he fears hypoglycemic reactions and 
knows these can be prevented if sufficient food is ingested? 

In an attempt to answer these questions, the following study was . 
carried out. 

Method. All patients studied were tliin persons who complained of 
poor appetites. Some had no organic disease, others suffered from tuber- 
culosis. Their ages varied from 13 to 44 3 'ears. No patients recovering 
from an acute illness or surgical operation, who ordinarily would have an 
impro\'ing appetite, were studied. Each patient was weighed at frequent 
intervals under the same conditions (in the morning, before eating or drink- 
ing, and after empt 3 dng his bladder). The caloric intake of the patient 
was computed each da 3 '^. This was done in the following manner. The 
calorific value of all the food presented to the patient during 24 hours was 
estimated; from this the calorific value of the food not eaten was subtracted; 
the difference represents his daily caloric intake. Since the same person 
(a graduate dietitian super\dsing the therapeutic diets served in the Uni- 
versit 3 ' Hospital) made all these computations, the method is entireb" 
satisfactor 3 '' for comparative purposes. 

The study is di\dded into two parts. 

I. 

Plan of Study. During this portion of the investigation no effort 
was made to fatten the subjects. After observing the caloric intake 
and weight for a length of time satisfactory to serve as a control 
period, insulin was injected 30 to 60 minutes (in most cases 45 
minutes) before each of the three meals. The patient, however, 
was not told why he was recehdng injections, nor did he know that 
the medicine was insulin. In fact, special care was taken that the 
patient have not the slightest suspicion that an appetite response 
or increased consumption of food was expected. For this reason 
their general management remained unchanged. The same tj'pe 
of diet and plan of feeding that was used prior to the period of study 
was continued.* More food was ser\’'ed, however, than the patient 
had been eating and if at any time still more food was requested, it 
was generousb’^ supplied. These precautions were taken to make 
certain that the patient would have no difficulty in satisf 3 dng his 
appetite or appeasing his hunger.j 

In order to make sure that a sufficient amount of insulin was 
being given to serve as an adequate test, the dosage was gradually 
increased from the initial dose of 3 or 5 units until mild h 3 q)ogly- 
cemic reactions occurred in many patients. Extreme care was 
taken, however, that no harmful insuhn reaction occur. All attend- 

* Those -n-ho had been recehdng only 3 meals a day were similarly served during 
the experimental period. Those having interval feedings prewous to the study 

continued to receive them, •, >,r 

t Throughout this article, appciilc is referred to in the sense that Cannon-^ uses it 
to designate a pleasurable desire to eat, in contrast to hunger "which is referred ^ 
as a painful sensation that experience has shown can be relieved by partaking of food. 
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ants were instructed to be ^dgilant for any, sign of hypoglycemia, 
and should a reaction occur, to treat it at once. 

Using this procedure, the possibility of the patient increasing his 
consumption of food in order to prevent hypoglycemic reactions 
was eliminated, and an increase in one’s desire for food as a result 
of insulin might be observed unassociated with any psychic effect. 

Table 1. — The Results of Administration of Insulin to Thin Patients Who Did 
Not Know Thet Were RECEmNO Insulin or That an Increase in Appetite 
OR Hunger Was Expected to Accompany the Injections. 


Patient. 


Sex. 

Diagnosis. 

Length 
of time 
insulin 
was 

' admin- 
1 istered. 

Dosage 
of insulin 
at time 
linjections 
were 

j stopped. 

Hypo- 

glycemic 

reactions. 

1 

! Total change in 
weight while 
receiving insulin. 

Average daily 
caloric intake 
while receiving 
insulin. 

Appetite 
or hunger. 

H. S. 

21 

M 

Pulmonary tu- 
berculosis and 
tuberculosis of 
hip (afebrile) 




Lost 1.2 leg. 

(Calories.) 

18S0 

(No change dur- 
ing insulin 
period) 

Reported no 
change. 

J. M. 

IS 

M 

Pulmonary tu- 
1 berculosis 
(minimal) 
(afebrile) 

! 

17 

1 

On 2 
occasions 

Gained 0.6 kg. 
(same rate of 
gain prior to 
insulin) 

1863 

(No change while 
receiving insu- 
lin) 

No improvement 
in appetite: 
hunger did not 
accompany hy- 
poglycemia. 

J.J.M. 

j 

19 

M 

Pulmonary tu- 
berculosis 
(afebrile) 

45 

j 

Ifr-l 6-161 

! 

■ 

Gained 1.2 kg. 
(less than rate 
of gain prior to 
insulin) 

2110 

(Less than before 
and after insu- 
lin) 

No change. 

L. D. 

39 

^ F 

Pulmonary tu- 
berculosis 
(afebrile) 

26 

1 

1 

8-8-8 

3 definite 
reactions ! 

Lost 0.4 kg. 
(gained 2.3 kg. 
in 45 days after 
insulin was 
stopped) 

1289 

(1525 after insu- 
lin was stopped) 

No change: not 
hungry during 
insulin reac- 
tion. 

M. A. 

29 

F 

Psychoncurosis 

18 

20 - 20 - 20 ' 

1 

1 moder- 
ately 
severe 

Lost 0.6 kg. 

1074 

(1111 after insu- 
lin was stopped) 

No change. 

F.W. 

19 

F 

Psychoneurosis 

10 

15-15-15 

1 

■ 

Lost 0.7 kg. 

721 

I (863 after insulin 
was stopped) 

1 No change; not 
hungry during 
insulin reaction. 

J. W. 

19 

M 

Pulmonary tu- 
berculosis 


6-6-6 



2351 

(No change dur- 
ing insulin) 





Pulmonary tu- 
berculosis 
(afebrile) 

■ 


None 

Gained 2.1 kg. 
(gained 1.7 kg. 
during 17 days 
prior to insulin) 

2970 

(2590 prior to in- 
sulin) 

“Appetite im-' 

: proving.” 

T. J. 

31 

M 

Psychoneurosis 

8 

15-10-10 

i 

j 

Gained 2.5 kg. 
(gained 2.2 kg. 
in 4 days prior 
to insulin) 

3200 

"Good appetite.” 


Results. In this way the effect of insulin was observed in 9 
patients. A summary of the results is shown in Table 1. Of the 
9 subjects studied, 7 had no increase in appetite, food consumption, 
or rate of gain in weight. Five of these 7 actually lost weight during 
the administration of insulin. Two gained weight; J. M. at a rate 
equal to the gain prior to insulin therapy, and J. J. M. at a rate 
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slower than during the period before insulin was given. The table 
shows the continued low caloric intake in these 7 patients. Patient 
S. P. gained weight at a rate slightly more rapid than before insulin 
was given, and his caloric intake was noticeably increased. Pie 
felt that his appetite was improved. Patient T. J. gained 2.5 kg. 
in the 8-day period during which he received insulin, but it should 
be noted that during the 4 days just before insulin was administered 
he gained 2.2 kg. 

II. 

Plan of Skull/. In the second part of this study an attempt was 
made to fatten the subjects, and to measure separately the effect 
of (1) a high caloric diet, (2) suggestion accompanying injections, 
and (3) insulin. In this way, it would be possible to determine 
whether or not insulin, by reason of any pharmacologic effect, is 
a therapeutic aid in fattening thin persons. 

To accomplish this purpose the follovdug procedure was adopted: 
A high caloric diet was instituted. For control purposes, a diet 
identical day after day throughout the study would be desirable, 
but because the monotony of this might cause a decrease in appetite, 
the patients were given their choice of food rich in energy for tlwee 
meals a day, and in addition high caloric interval nourisliments 
were served. Each patient was served more food than he had been 
eating p^e^^ously. Additional food was supplied at any time the 
patient wished it. Thus the patient could eat all he desired. This 
dietary and manner of feeding remained unchanged throughout 
the entire period of studj'. 

The caloric intake and changes in weight were observed for a 
control period (usually 2 or 3 weeks) after starting this diet. Sub- 
sequently, injections were given 30 to 60 minutes (usually 45 
minutes) before each of the 3 main meals. When the injections 
were started the patient was enthusiastically told that he was being 
given these injections because there was reason to believe they 
would whet liis appetite, make him hungry, and thus increase his 
consumption of food and improve his state of wellbeing. However, 
in order to determine how much psychic effect was produced, sterile 
water or saline was injected for a period of 2 or 3 weeks. Then, at a 
time unknown to the patient, insulin in increasing doses was .sub- 
stituted for the placebo. The dose of insulin was increased in almost 
every instance until one of the following effects was noted: (1) 
until an improvement of appetite or hunger was noted and reflected 
by increased consumption of food and rate of gain in weight, (2) 
until any undesirable reaction from insulin was noted, or (3) until 
the noon blood sugar was recorded at a low level (see below). So, 
although the patient knew an improvement of appetite and increased 
food consumption were expected, he did not know when insulin 
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was being injected. The same care to avoid harmful reactions from 
insulin was exercised. 

During the period when insulin was being given, frequent sugar 
determinations, by the method of Folin-Wu,-^ were made on blood 
obtained at 12 o’clock noon, just before the patient began his mid- 
day meal. In this way, it was hoped to learn whether or not any 
increased desire for food resultant from insulin need be associated 
with hjqjoglycemia. A noon blood-sugar determination was made 
at the beginning of the study to serve as a control. 

Results. The results of the second portion of this study can 
best be shown graphically. The accompanying figures (1 tlirough 
8) show tlie response in 8 of the 11 individuals studied in this way. 

Explanation of Graphs. The age, sex, and diagnosis of the patient 
appear on each graph. I. W. represents the “ideal weight”* in each 
case. The patient’s weight and daily caloric intake are plotted on 
the upper and middle third of each graph, respectively; in the lower 
third the total daily insulin dosage (I) is shown by a line and the 
noon blood-sugar level (B. S.) represented by a cross (X). Insulin 
reactions are indicated by an R in the portion of the graph where 
insulin is plotted. In some cases the weight record prior to the 
period of study is shown. Each graph is divided into panels showing 
the response to (1) diet only, (2) to the same diet plus sterile water 
(S. W.) or sterile saline (S. S.), and (3) to the same diet plus insulin. 
The numbers in the weight and caloric intake spaces indicate the 
average daily weight change in grams, and the average daily caloric 
intake in each case. The average daily caloric intake for the different 
periods is also represented graphically. 

Clinical Data. Two patients, one a girl, A. B., aged 13, with renal and 
pulmonary tuberculosis (afebrile), the other a boy, I. M., aged 14, having 
widespread pulmonarj'- tuberculosis (afebrile) both markedly undernour- 
ished and having poor appetites failed to respond in any Avay to diet, 
placebo, or insulin, even though the latter was given in doses sufficiently 
large to cause mild hypoglycemic reactions in each case, and to lower the 
noon blood sugar to 44 mg. % in the girl and to 55 mg. % in the boy. There 
was no subjective improvement in either patient. Since the response is 
practically identical in each case, a graph is shown for only the girl (Fig. 1). 

Figure 2 shows the response of Miss C. W. There was a beneficial response 
to the increased diet, a slight additional improvement when a placebo was 
given, and a faffing off of caloric intake and decreasing rate of gain during 
administration of insulin. There was no subjective response accompanying 
the administration of insulin. 

Miss M. B. (Fig. 3) was benefited by the diet alone. Added benefit 
occurred when placebos were given. lAffien insulin was used there was no 
significant change. This patient reported that her appetite was better 
as soon as she began receiving placebos. The first day she received 13 
units of insulin before each meal she said she felt hungrj' before breakfast, 
but on that day the caloric intake did not change significantly. 

_ Observations made on Miss L. P. are shown in Figure 4. Again, a dis- 
tinct improvement resulted from feeding a high caloric diet, and an unques- 

Ideal weight ” here refers to the average weight for a normal individual of the 
patient’s sex, age and height. 
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tionable additional benefit from placebos. An actual decrease both in 
caleric intake and rate of gain occurred when insulin was administered. 
This patient stated that her desire for food seemed greater when she began 
receiving placebos. At no time during the administration of insulin did 
she report an}’’ subjective change. 
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bos were given. ^^Hien these were started the patient Avas not told Avhy 
the injections were being giA^en. TJiere aa^is a falling off of the caloric 
intake. The patient AA'as then told that these injections AA'ere giA''en to 
increase her desire for food. She promptly reported an improA'^ed appetite 
and her food consumption increased noticeably so that the average daily 
caloric intake was decidedly higher than it AA^as during the period of high 
caloric diet alone. When insulin AA'as substituted no significant change in 
caloric intake occurred. She reported a feeling of hunger at times just 
prior to meals, AA’hen the insulin do.sage AA'as high. No appetite change 
accompanied the use of insulin in this patient. She disliked all injections. 



Mrs. M. P. (Fig. 6) Avas distinctly benefited by the administration of 
placebos. There was an additional increased consumption of food during 
the period when insulin Avas giA'en. Because of her neurosis, subjective 
change could not be cA'aluated in this patient. 

A 17-3'ear-old girl, Miss D. G. (Fig. 7), responded Avell to the improved 
diet. She, howcA'er, greatly disliked injections, and shoAved a decreased 
food intake and stationary weiglit when normal saline AA'as injected. Wien 
insulin was begun there Avas a prompt loAvering of blood sugar and the 
patient reported liaA'ing a feeling of hunger prior to the morning and noon 
meals, and a good appetite for all meals. TJnfortunatelj' figures for her 
caloric intake during the early part of the insulin period liaA'e been lost; 
nevertheless, the weight curA'e shows prompt gain in weight, and the aA'er- 
age caloric intake OA'er the latter part of this period shoAVs distinct increase 
in food consumption. It should be noted, howeA'er, that the aA'erage dailj' 
caloric intake and gain in weight are essentially the same as when she re- 
ceived the high caloric diet alone. The prompt lowering of caloric intake 
when insulin AA'as stopped and placebos substituted suggest, howeA'er, that 

insulin might haA'e been of benefit to this patient. 

One of the most interesting patients studied was Mr. K. R. The data 
in his case over the long period of study are sIioaati in Figure S. Diet alone 
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was not successful in fattening this patient. When placebos ivere given 
a slight benefit resulted. A decided additional advantage was noted when 
insulin was injected. The patient stated that he had a better appetite and 
frequently felt hungry before meals when insulin was given. Subjective 
and objective improvement ceased when sterile water was substituted tor 
insulin. After these observations were made it was decided to carry out 
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the_ same study again on this patient. According!}--, after anotlier control 
V sterile water was again injected. There was a repetition 

of the slight benefit preidously noted with the administration of placebos. 
Interestmgly enough, however, when insulin was given the second time no 
increase in caloric intake occurred, and the weight curve did not change 
(The average daily gain in weight as calculated is greater, but it so happens 
that both at the beginning and at the end of the period the fluctuations 
normally occurring in one’s weight were such to produce this erroneous 
figure. Inspection of the weight curve from the 80th to the 155th day shows 
it to follow a straight line.) There was no subjective change during this 
second period of insuUn. This lack of response is the more interesting when 
it is seen that the noon blood-sugar levels during the second insulin period 
were lower than during the first insulin period, and that the patient’s 
weight is still far below his “ideal weight.” 





Charts are not reproduced for the last 2 patients studied. Mrs. E. H., 
aged 41, who had chronic artliritis, and latent lues, was 19 kg. under her 
“ideal weight.” She gained nicely on the diet alone. Her average con- 
sumption was 2643 calories daily. During the time she received sterile 
saline, she consumed an average of 2872 calories daily with a corresponding 
increase in gain in weight. During the short time she was receiving insuhn 
(5 days), but in amounts sufficient to lower the noon blood sugar to 56 mg. %, 
she consumed an average of 2875 calories and gained weight at a rate slightly 
less than when recehdng placebos. There was no important subjective 

change in her case. ^ i j- 

The last patient studied, Miss D. R., aged 22, whose disposes were 
psychoneurosis and malnutrition, weighed only 27.4 k^ Her _ ideal weight 
Ws 50 ko- On the diet she gained only slightly. She objected severely 
when injections of sterile water were stated pd seemed to revolt agamst 
eating Her average daily caloric mtake fell from lo80 to 926. umen 
insulin was given the average daily consumption was only 819 calones. 
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Insulin, which was started in 3 unit doses and increased to 8 units t.i.d., 
was stopped after 8 days because of her continued objection to injections 
even though she understood they were given in an attempt to improve^ her 
appetite. On the day insulin was stopped, a 5% glucose solution was given 
intravenously because her food consumption was so small. She disliked 
the intravenous therapy sufficiently that in order to avoid being given inore 
infusions, the very next day she consumed 2100 calories and maintained 
an average daily intake of 2157 calories for the remainder of her stay in 
the hospital. She gained weight correspondingly. 

A summary of the results of the second part of the investigation 
appears in Table 2. 


Table 2 * — Results of Attempt to Fatten Patients First With a High Caloric 
Diet, Next With Diet and Placebo, and Lastly With Diet and Insulin. 


Patient. 

Benefit from 
high caloric diet only. 

Additioonl effect 
of placebo. 

Additional effect of insulin as 
compared with diet plus placebo. 

None. 

Slight, 

Good. 

Worse. 

No 

change. 

Benefit. 

Worse. 

No 

change. 

Benefit. 

Slight. 

Good. 

Slight. 

Good. 

A. B. . . . 

+ 




+ 




+ 



I. M. . . . 

+ 




+ 




+ 



C. W. . . 


+ 






Slightly 




M. B. . . 



+ 




+ 





L.P. . . . 



+ 




*!• 

+ 




V. H. . . 


+ 







+ 



M. P. . . 

+ 






-f 



, , ' 

+ 

D. G. . . 



'+ 

+ 







4“ 

R. R. 

+ 


. , 



'+ 





4“ 

(Repeat) . 

+ 





+ 



+ 



E.H. 



+ 



+ 



+ 



D. R. . . 


+ 


+ 





+ 



Totalf . 

4 

3 

4 

2 

2 

3 

4 

2 

'6 

0 

3 


* This table is based primarily on a comparison of the daily caloric intake, with 
which the changes in weight very closely agree, 
t Excluding repeat study in R, R. 


Discussion. The results of this study do not substantiate the 
claim that insulin is a valuable adjunct in the treatment of under- 
nutrition. No appreciable benefit occurred in 8 of the 9 patients 
first studied, who were injected with insulin without their knowing 
what medicine was being given or w^hy it w^as administered. Mr. 
S. P. was the only subject in the first group who showed an increased 
rate of gain in w^eight when insulin -was administered, and it should 
be noted that prior to insulin therapy he consumed enough food to 
cause him to gain weight at the rate of 100 gm. a day. Only 3 of the 
11 subjects of the second part of the study showed a response that 
might be attributed to insulin. In 1 of these 3 patients, hliss D. G., 
the response to insulin was decidedly better than that to a placebo, 
but no better than the response to the high calorie diet alone; and 
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in another, ]\'Ir. R. R,, the very definite improvement noticed when 
insulin was first administered did not occur during the second period 
of insulin therapy. In 6 patients of the second group there was no 
significant change in caloric intake or weight when insulin was 
substituted for a placebo, and in 2 the benefit was actually less 
when insulin replaced the placebo. Only 2 patients of the entire 
stud^’- then showed any improvement that could certainly be 
attributed to insulin. No patient showed remarkable improvement 
during the administration of insulin and Tuvenous hunger reported 
by so many writers was not once observed. 

One wonders how insulin might be beneficial, if it is, when admin- 
istered to undernourished patients. Okada et al.-^ have shown that 
the injection of insulin increases gastric, biliary and pancreatic 
secretions. Lueders and Watson*® measured an increase in concen- 
tration of pancreatic ferments recovered from malnourished patients 
when insulin was given. These authors felt that the patient's gain 
in weight was due in part to an improvement in digestion and assimi- 
lation of food elements which resulted from the increased concen- 
tration of pancreatic enzj^mes and bile. The fact that there is such 
close correlation between the caloric intake (ingestion) and changes 
in weight of the patients herein reported shows that during insulin 
therapy there certainly was no important increase in absorption 
or utilization of food, but rather that the digestion, absorption 
and metabolism of food remained unaffected, and whatever increase 
in weight that occurred during the administration of insulin resulted 
from increased ingestion. 

Bulatao and Carlson^® found that when insulin is injected into 
normal dogs, “gastric hunger contractions and gastric tonus are 
augmented to the point of incomplete gastric tetany when the blood 
sugar falls to 0.085 to 0.075 mg.%.” Later, Quigley, Johnson, and 
Solomon®* reported that when normal fasting human subjects were 
injected with 12 to 20 units of insulin an increase in pstric tonus 
and hunger contractions, and a prolonged hunger period resulted. 
They suggest that it may be this effect of insulin on the stomach 
which leads to an increased ingestion of food that accounts for the 
gain in weight accompanying the administration of insulin to persons 
with anore.\'ia. The results obtained in this study conform to this 
%dew. The close correlation between changes in weight and caloric 
intake, and the subjective sensation of hunger, when the dosage 
of insulin was sufficient to cause a distinct fall in blood sugar, surely 
favor this explanation for the beneficial effect of insulin when it 
occurs. Because this response occurred in the minority of patients 
studied and because reactions to insulin were frequently observed 
vdthout an accompanjdng sensation of hunger it appears that this 
effect of insulin does not uniformly occur, or may be present for 
such a short time that it is ineffectual as a stimulus to increase food 
consumption. 
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That there is undoubtedly an important psychic factor in many 
of the patients to whom injections were given is demonstrated by 
this study. There was a decided lack of beneficial effect of insulin 
when it was given to patients ignorant of the nature of the medica- 
tion and the results expected. On the other hand, definite improve- 
ment was noted subjectively and objectively in several of thepatients 
expecting benefit from injections when the substance injected was 
only sterile saline or water. There can be no doubt that the improve- 
ment which accompanied the injections of saline in patients M. B., 
L. P., V. H., and M. P. would have been attributed to insulin had 
this drug been injected without a preliminary control period of 
saline injection. There has been insufficient evaluation of this 
psychic effect, which is often great, and which may in some cases 
account for the entire improvement noted. 

That benefit commonly credited to insulin belongs in part tOv 
concurrent improvements of the dietary is amply shown in the latter 
half of this study. 

Conclusions. 1. This investigation fails to support the prevalent 
opinion that insulin is a valuable aid in the treatment of under- 
nutrition. 

2. When undernourished patients were injected with insulin 
and its effect noted separately from diet and suggestion the great 
majority of patients failed to show any response. The improvement 
which was attributable to insulin in 2 cases was small. 

3. The fact that improvement resulted in many patients from 
the suggestion accompanying injections, indicates that much of the 
benefit commonly attributed to insulin is due to a psychic factor. 

The author is deeply indebted to Dr, L. H. Newburgh for many helpful suggestions 
made during the progress of this investigation, to Miss Mary Stanley for the blood- 
sugar determinations, and to Miss Gladys Enke for computing the daily caloric intake 
of the patients studied. 
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In the numerous papers on encephalitis published during the 
past few years, little or no mention has been made of the rapid and 
fatal course the disease may take. It is the purpose of this com- 
munication to call attention to the fulminating tj^ie of encephalitis 
which terminates in unexpected and sudden death. 

The clinical histories and autopsy findings of 5 cases of encephali- 
tis are recorded. Unusual features, and the justification of the 
term “fulminating” encephalitis, are emphasized. 

In every instance an autopsy was performed a few hours after 
death. The brain was preserved in formalin for 2 weeks before it 
was examined. Sections of the brain taken from various portions 
were stained with hematoxylin and eosin. Davenport’s method 
was used for the study of the axis cylinders, the Weil method for 
the staining of the myelin sheaths, and Holzer’s stain for the study of 
glia fibers. The von Gieson stain was used when deemed necessary. 


Case Abstracts. Case 1.— A white male infant, aged 4 months, was per- 
fectly well until the daj’’ of his death. On that day, while out •roth his 
nurse, he developed signs of dyspnea as if he had inlialed a foreign body. 



FTJL^IINATING HEMOBKHAGIC ENCEPHALITIS 43 

He -was hurried home and a puhnotor squad was called, but he became 
markedly cyanotic and died. ' mi 

Necropsy revealed a well-developed and well-nourished infant. Ihe 
lymph nodes, particularly the mediastinal and peritoneal, were larger 
than normal. The follicles and Peyer’s patches throughout the gastro- 
intestinal tract were hyperplastic. The thymTO weighed 55 gm. Both 
lungs revealed a very recent bronchopneumonia. _ The aorta was hypo- 
plastic. There were 3 accessory spleens. The brain was markedly hyper- 
emic. On section, the white and gray substances appeared reddish, and 
petechial hemorrhages were found throughout the white substance. Hem- 
orrhages were also noted in the pons and cerebellum. 

Histologic examination, of the brain revealed a marked dilatation of the 
smaller vessels, which were packed vnth red blood corpuscles. Manj”- 
perivascular spaces contained red blood corpuscles. Extravasation of these 
cells was more pronounced in the region of the third and fourth ventricles. 
Lymphocytes and a few neutrophils were also found in the perivascular 
spaces. 

The anatomic diagnosis was acute catarrhal bronchitis; recent bilateral 
bronchopneumonia; very early acute hemorrhagic encephalitis ;_ enlarged 
thymus; generalized lymphoid hjqDerplasia; marked hyperplasia of the 
foUicles and Peyer’s patches of the gastro-intestinal tract; three accessory 
spleens. 

Sxmniary of Case 1 . Inasmuch as the autopsy revealed a marked 
increase in the lymphadenoid tissue throughout the body, as well 
as a large thymus, it is possible that this child belonged to the 
group classified as status thymico-lymphaticus. This may explain 
the lowered resistance of the child and the reason he succumbed so 
rapidly to the acute infectious disease. We shall return to this 
later. The cause of death, in our opinion, was an acute hemorrhagic 
encephalitis, wdth the recent broncliitis and bronchopneumonia as 
the portal of entry of the etiologic agent. In other words, the 
child, whose resistance had been low^ since birth, developed bron- 
chitis and bronchopneumonia and an acute inflammation of the 
brain from which he died. 

Case 2.— A white female child, aged 29 months, was admitted in a 
moribund state. Three hours prior to admission the patient’s parents 
heard her calling and found her in convulsions. The temperature was 107°. 
The child was rushed to the hospital. Diffuse clonic convulsive movements 
of all extremities were present. The neck was rigid and the pupils were 
fixed and dilated. The skin was covered with purphsh-red blotches. The 
temperature on admission was 106°. A lumbar puncture yielded 20 cc. 
of a clear, colorless fluid. The fluid contained 11 white blood cells,- 5 of 
which were neutrophils and 6 lymphocytes. One hundred and fifty red blood 
cells were present. The Pandy test was negative. The sugar content of the 
cerebrospinal fluid was 85 mg. per 100 cc. 

The child had previously been well. She had, had no symptoms of a cold, 
sore throat or other ailment prior to the onset of the disease. 

The course was steadily downhill. The child did not improve following 
the administration of sedatives and died 1|^ hours after admission to the 
hospital. 

Necropsy^ revealed a recent bronchopneumonia in portions distinctly 
hemorrhagic. The aorta was hypoplastic. There was a fatty metamorpho- 
sis of the liver and a cloudy swelling of the kidneys. The follicles of the 
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spleen were verj'- prominent. The thymus weighed G5 gm. and revealed 
minute hemorrhages. The Payer’s patches and the Ijmiph follicles in the 
small and large intestines were very prominent. The cortical vessels were 
markedly hyperemic. The gjTi were flattened and .swollen and the sulci 
were narrowed. On section, the white substance of the brain was pinki.slr 
and its differentiation from the cortex indistinct. Many petechial hemor- 
rhages and dilated capillaries were seen throughout tlie white substance of 
the brain. 

The histologic examinolion of the lungs revealed some alveoli filled witli 
neutrophils, mononuclear and red blood cells and phagocytic cells contain- 
ing brovm pi^ent granules. The Gram-Weigcrt stain revealed the pres- 
ence of bacteria arranged in groups of two. 

Sections of the brain showed, in many places, a distinct extravasation 
of red blood corpuscles into the perivascular spaces. Occasionally a few 
neutrophils were found in these spaces, as were a number of Ij'-mphocytes. 
Some of the fields revealed red blood coriruscles in the parench 3 Tna, appar- 
ently not in the vicinity" of the vessels. ^lanj’- ganglion cells had markedly 
faded nuclei and in manj' instances, nuclei were not recognizable. 

S^mvmry of Case 2. The outstanding feature of this case is 
the very short duration of tlie illness, which lasted only about 6 
hours. The cause of death was a very acute hemorrhagic enceph- 
alitis. The bronchopneumonia was apparently of longer duration 
than the encephalitis. Sections of the lungs contained diplococci. 
Bacteria were not found in the brain. 

Case 3.— The essential points in the historj' of this white male child aged 
9 months, were a cough which had ]5ersisted for 3 daj^s, convulsions which 
had begun 10 hours before admission, drowsiness, hea\y breathing, stridor, 
generalized rash and cyanosis of 10 hours’ duration. Except for the cough, 
the child had been well until the day before admission to the hospital, 
when he had refused to eat. 

On admission, the child was acutely ill. There was marked inspiratory 
stridor. The patient’s temperature was lOo-S", pulse 160, respirations 58. 
His pupils were fixed and there were petechia; in the conjunctiva;. The 
right ear drum was red, the pharynx hj^peremic and the tonsils were en- 
larged. The neck was not rigid. The heart was normal. There was a 
marked sternal retraction during inspiration. Bronchial breathing could 
be heard over the right lung, as could crepitant rales on both sides; all 
sounds, however, were obscured by the inspiratorj'^ stridor. Petechire were 
present over the face, neck, chest and extremities. The face and extremi- 
ties were cjmnotic. 

The impression on admission was bilateral bronchopneumonia; toxemia, 
secondary purpura; probable encephalitis. 

The child was put into an oxj’-gen tent. His respiration and pulse became 
more rapid and he died 2 hours after admission to the hospital. No labo- 
ratory work was done. 

Necropsy revealed a bilateral bronchopneumonia. The Ijunph nodes 
throughout the bodj’- and the solitary follicles and Payer’s patches in the 
gastro-intestinal tract, were enlarged and hyperemic. 'The thymus weighed 
45 gm. There were petechial hemorrhages in the pleurse, pericardium, 
intestinal mucosa, bladder, pelvis and skin. The brain was markedly 
hyperemic and minute petechial hemorrhages were seen throughout the 
white substance, especially in the region of the left basal ganglia. Petechia; 
were also seen in the left dentate nucleus. There ivas slight hemorrhage 
in both suprarenals. 





Fio. 1 Fig. 2 

Fig. 1. — Case 1. Early acute hemorrhagic encephalitis. Note the hemorrhages 
in the perivascular spaces. Hematoxylin and cosin. (150 X.) 

Fig. 2. — Case 1. Note the perivascular infiltration. Hematoxylin and eosin. 
(ISO X.) 



Fig. 3. Case 2. Note the red cells with a few neutrophils free in the tissue. Hema- 
toxylin and eosin. (380 X.) 




Fig. 4 Fig. 5 

Fig. 4. — Case 3. Note the hemorrhage and the neutrophils. Hematoxylin and 
eosin. (2C0 X.) 

Fig. 5.— Case 5. Note the perivascular infiltration of neutrophils. Iron-hema- 
toxylin and eosin. (240 X.) 




Fig. 7 

Fig. 6. — Case 5. Perivascular infiltration of neutrophils and perivascular hemor- 
rhage. Iron hematoxlyin and eosin. (180 X.) 

Fig. 7. — Case 5. — Cocci ■with the bloodvessel and ivall. GramWeigert. (600 X.) 
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Microscopic section through the brain revealed the following histologic 
changes; The large and small bloodvessels, particularlj’- the capillaries, 
were distended with red blood corpuscles; many red cells were found free 
in the perivascular sjjaces. In places, some of the small bloodvessels were 
surrounded by Ijunphocytes and only very occasionally were neutrophils 
found. Minute accumulations of lymphocytes were seen throughout the 
cortical portions of the brain. The ganglion cells showed ainarked granu- 
larity of their cytoplasm and in many instances the nuclei were absent. 

Svimnarij of Case 3. The chief interest of this case lies in the 
short duration of tlie illne.ss. As has Ijeen mentioned above, the 
.ehild felt fairly well until the evening preceding his admission to 
the hospital, when he suddenly became drowsy. Tic died the day 
he was admitted to the hospital. The cause of death Avas acute 
encephalitis. 

C.\SE 4.— A Avhitc female, four and a half years of age, had been well 
until she contracted whoojAing cough, which had lasted 2 weeks and was 
relatively mild. She ate and slept fairly avoII until 24 hours before admis- 
sion to the hospital, when her mother noticed that she was restless during 
the night and seemed apathetic. The next day, the child’s face seemed 
asjnnmetrical. 

Physical examination after admission to the hospital revealed a right 
facial paresis and weakness of the right leg. The patient was rational. 
The following morning, about 30 hours after the onset of the illness, she 
had clonic and tonic commlsions and was un,able to talk. Definite paralysis 
of the right side Avas noticed at that time. There Avas but a slight elevation 
of temperature during the period of ho.spitalization, not higher than 100.4° 
rectally. The urine contained glucose and a trace of albumm. 

The child died 48 hours after the onset of the sjnnptoms, AAith signs of 
respirator}' paralysis. A spinal puncture, })erformed the day the conAud- 
sions occurred, yielded clear fluid under increased pressure, Avith but 5 cells 
per c.mm. 

Necropsy (confined to the brain). The brain Avas markedly hyperemic. 
Petecliialliemorrhages Avere found in the region of the frontal lobe. Minute 
hemorrhages were found throughout the cut sections of the brain; these 
were more pronounced in the region of the left orbital and frontal lobes. 
The subarachnoid space contained a small amount of serous liquid. 

On histologic examination, neutrophils and a feAv lymphoc}'tes and endo- 
thelial cells were found in the subarachnoid space. A^bout*the bloodvessels 
Avithin the brain tissue was found a netAA'ork of homogeneous pinlc-staining 
material, in the meshes of Avhich Avere red blood corpuscles, neutrophils, 
endothelial cells, bonphocytes, and nuclear debris. Foci of neutrophils, 
lymphocytes and endothelial cells, in addition to accumulations of red cells, 
Avere also found Avithin the brain, but not in relation to bloodA'essels. 

Summary of Case 4- Because of the more seA'ere inA'oh'ement of 
the brain than of the meninges, Ave are of the opinion that the en- 
cephalitis Avas primary and the meningeal reaction secondary. 

Case 5.~A 37-year-old Avhite male was admitted to the hospital at an 
early morning hour and died the same day. The patient was apparently 
well previous to the onset of his illness. At midnight, he had been aAvakened 
by his AA'ife and asked to attend to their child, Avho had Avhooping cough. 
He was apparently rational at the time and went back to bed. At 1.45 
A.M., his Avife Avas aAvakened by his stertorous breathing. She Avas unable 
to rouse him. On admission to the hospital, the patient Avas in deep coma. 
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TOth Cheyne-Stokes respiration and generalized cyanosis. The lungs were 
apparently normal, the heart regular and the pulse rate 100 beats per min- 
ute. The arterial blood pressure ranged from 125 to 195 systolic and from 80 
to 100 diastolic. There were definite periods of apnea. Except for the 
abdominals, the reflexes were completely absent. There was a marked 
cyanosis. There was no evidence of facial parafysis and no rigidity of the 
neck. 

Spinal puncture yielded clear fluid under slightly increased pressure. 
It contained about 100 crenated red cells, but no white cells. The Wasser- 
mann, Nonne, and Ross-Jones tests were negative. The leukocyte count 
at that time was 32,000, the red blood cell count 5,350,000, hemoglobin 
90%. The urine showed traces of albumin and glucose; there was neither 
acetone nor diacetic acid; the specific gravity of the urine was 1020. The 
patient’s temperature gradually rose to 101.2°, his pulse increased to 120 
beats per minute. His respiration continued to be Cheyne-Stokes in char- 
acter and periods of apnea occurred every 50 to 70 seconds. Just before 
death, the patient’s respiration became more labored and decreased to 6 
per minute. He died 20 hours after the onset of the illness. 

Necropsy ■ revealed bilateral hemorrhagic bronchopneumonia; healed 
endocarditis of the mitral valve; moderate arteriosclerosis of the aorta 
and coronaries; and slight myocardial fibrosis. There was also a healed 
apical tuberculosis. The surface of the brain was bluish-purple; the gyri 
were markedly flattened, the sulci obscured. The subarachnoid vessels 
were h 3 'peremic. The hyperemia was especially pronounced m the region 
of the cerebellum and pons. The internal capsule seemed much darker 
than normal. The basal ganglia also seemed darker than normal and ap- 
peared somewhat granular. Markedly dilated vessels and minute petechial 
hemorrhages were seen throughout the entire white substance of the brain. 

Microscopic examination of the brain revealed a varietj’’ of changes. 
The bloodvessels tliroughout, and particularlj'^ the capillaries, were packed 
with red cells, the outlines of which were clearly recognizable. In many 
sections there was a distinct extravasation of red blood corpuscles into the 
perivascular spaces. Some of the sections also revealed foci of hemor- 
rhage without any recognizable bloodvessels in these particular re^ons. 
Some of the bloodvessels showed small rings of a hyalin-hke material lining 
their inner walls. Other sections showed many neutrophils at the periphery 
of the lumen of the vessels and also infiltrating their walls. In many in- 
stances, a distinct perivascular infiltration of neutrophils gould be made out; 
These changes were seen tliroughout the gray and the white substance, 
but were more pronounced in the latter. Sections taken through the basal 
ganglia also revealed a marked hyperemia and extravasation of red blood 
cells. In addition to these changes, however, many ganglion cells ivithout 
an 3 ’- recognizable nuclei were seen. In some instances, the c 3 'topIasm of 
these was granular; in others it seemed to be arranged in clumps. Other 
ganglion cells were completely transformed into hyalin-like globules. 
In some instances, but especially noticeable within the pons, cerebellum 
and locus caeruleus, a few bloodvessels were surrounded by lymphoc 3 des. 
Here and there a few clumps of blood pigment granules were also noted. 
Other sections showed an apparent atrophy of rows of ganglion cells with 
pyknotic nuclei. Occasionally, there were seen dark-bluish stained, well- 
outlined bodies (corpora am 3 dacea). There was also a slight increase in 
glia cells and fibers in the region of the locus cteruleus, replacing ganglion 
cells. The Davenport stain indicated a diminution of nerve fibers in these 
sections. Degeneration of the m 3 ''elin sheaths was also noted. Cocci were 
TCr 3 " rarely present vithin the walls of the vessels. In only one field were 
they found outside the vessels invading the surrounding brain tissue. The 
cocci were arranged in groups of two and were Gram-positive. 
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Summanj of Case 5. The short duration of the disease js again 
impressive. It is of interest that there was but slight clinical evi- 
dence of the bronchopneumonia, although it was of longer duration 
than the acute encephalitis, which we believe was the cause of 
death. The clinical picture was apparently completely dominated 
by the encephalitis. The coincidental presence of the acute and 
old encephalitis Avill be discussed later. 

Discussion. These 5 cases of encephalitis were all fulminating. 
In one instance, death was sudden; in the others, it occurred unex- 
pectedly within 4§ hours, 12 hours, 20 hours, and 48 hours, after 
the onset of the illness. The severity of the encephalitis in all 
of these cases makes us believe that in spite of pneumonia in 
4 cases and of whooping cough in the fifth, the cause of death was 
encephalitis. 

One of the outstanding symptoms, if not the chief symptom, in 
our patients, was the respiratory difficulty, which was variously 
described as dyspnea, stertorous breathing, and Cheyne-Stokes 
respiration. In one, the respiratory difficulty was so marked that 
the presence of a foreign body in the trachea was considered. The 
respiratory difficulty was always accompanied by cyanosis. 

The cerebrospinal fluid removed from the 3 patients who lived 
long enough to allow a spinal puncture to be done, was clear, color- 
less, and under increased pressure. One specimen of cerebrospinal 
fluid contained no cells, another 5 white blood cells and still another 
contained 11, 2 being within normal limits and 1 only slightly in- 
creased. The fluid in 2 cases contained many red blood cells. The 
question arises as to whether or not the presence of the red blood 
cells is of any significance. If it were possible to exclude the factor 
of trauma, the presence of the red blood cells would be important 
and would speak for hemorrhagic encephalitis, However, it is 
possible that the red blood cells were due to trauma caused by the 
spinal puncture, for no matter how clear the cerebrospinal fluid, 
it is still possible that there was some trauma to the venous plexus 
of the cord. One must therefore attach no diagnostic importance 
to the presence of red blood cells in the fluid, although, as stated, 
they may be significant. There was no increase in globulin in the 
cerebrospinal fluid in any of the three specimens. In one, the cere- 
brospinal fluid sugar was increased, judging by the fact that the 
method used for the determination was the one described by 
Somopd,^ by which non-meningitic and encephalitic fluid usually 
contains 80 mg. sugar or less per 100 cc. (Colm, Levinson and 
McCarthy).^ Yet the increase was only slight (5 mg.-f ) and there- 
fore no diagnostic conclusions could be drawn from the cerebrospinal 
fluid sugar in this case. 

^ The results of the cerebrospinal fluid examination of these 3 pa- 
tients corroborates the previous statement by one of us (Levinson)® 
that there is no uniformity in the cerebrospinal fluid changes 
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in encephalitis. It is thus possible that in instances of encephalitis 
there may be marked cerebrospinal fluid changes, moderate changes 
or no changes whatsoever. 

We belie\'e that the cerebrospinal fluid changes depend upon the' 
meningeal involvement; the greater the meningeal involvement, 
the more pronounced the cerebrospinal fluid changes. 

Of great interest to us was Case 5, in which the encephalitis which 
caused the patient’s death was apparently superimposed on an old 
encephalitis. The increase in glia cells and capillaries, the altera- 
tion of the nerve fibers and myelin sheaths, the presence of blood 
pigment and Ijonphocytes, were characteristic (IMcAlpine).'* 

It may be of interest to note that after the histologic examination 
in Case 5 was completed, and after the changes characteristic of an 
old encephalitis were found, the relatives were asked for further 
information. It was then learned that in 1917 the patient had 
suffered an attack of influenza. Xo definite information as to a 
possible encephalitis at that time could be obtained, but it had been 
noted that since that time his facial expression had gradually 
changed and had become mask-like. His movements had gradually 
become slower. 

The simultaneous occurrence of recent and old encephalitis has 
been observed by us in another instance. It is a matter of specula- 
tion whether the old encephalitis had caused a local lack of resist- 
ance favoring the recent encephalitis— either mechanically or im- 
munologically— or whether the presence of the old and recent en- 
cephalitis in the same brain was a coincidental occurrence. 

The presence of Gram-positive diplococci in the brain in this 
case is noteworthy. Economo® and v. Wiesner® believed that a 
diplo-streptococcus is the causative agent of lethargic encephalitis. 
There is, however, no evidence that the bacteria had caused the 
encephalitis in our case, particularly because they were found pri- 
cipally in the bloodvessels. Zinsser’^ says that “logic forces one at 
the present time to reject the bacterial causation of this disease 
(epidemic encephalitis).” 

It is interesting that bronchopneumom’a was found at autopsy 
in the 4 instances in which the Ivmgs could be examined. Clinicallj^ 
CAddence of bronchopnemnonia was present in only 1 instance. 
The recognition of bronchopneumonia may have been more difficult, 
first, because the area involved was small, and second, because the 
s^Tnptoms were masked by the encephalitis. In Case 5, the broncho- 
pneumonia was at least 3 or 4 days old and yet the patient, who 
was a physician, did not complain of being sick. It is possible 
that the r^piratorj- tract was the portal of entry for the causative 
agent of the encephalitis. 

Histologically, these 5 cases may be classified into two groups. 
The outstanding features in the first 3 brains were the extravasa- 
tion of red blood corpuscles in addition to the infiltration of lympho- 
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cji;es and a few neutrophils. It is known that the extravasation of 
red blood corpuscles may occur in cases of general intoxication, 
constitutional disturbances, etc. (Hassin)® However, in addition 
to the red blood corpuscles, other cellular elements were found in 
the perivascular spaces in sufficient numbers to .warrant the diag- 
■nosis of enceiihalitis. The extravasation of red blood corpuscles 
is one of the earliest histologic findings in these cases. This is borne 
out by the fact that, as far as can be determined from the clinical 
history, the duration of the disease in our patients was extremely 
short. In the last 2 brains, a larger number of neutrophils was 
present. However, red blood cells and lymphocytes were also found 
free in the tissue in these 2 cases. In his study of lethargic encephali- 
tis, Economo® described minute accumulations of neutrophils, 
without destruction of the brain tissue in addition to red cells and 
lymphocytes, in only 1 case, while neutrophils were absent in the 
other case. 

The rapid occurrence of death of the 5 patients is striking. If 
an autopsy had not been performed in the first case, it probably 
would have gone on record as death “due to the ingestion of a for- 
eign body.” In other words, it must be realized that fulminating 
encephalitis may be the cause of sudden, unexpected death. It 
may be mentioned in this connection that Kolisko,® in his compre- 
hensive monograph on “Sudden Death from Natural Causes,” 
does not mention encephalitis as a cause of sudden death. 

In view of the enlarged thymus in the first child and of the marked 
hjqjerplasia of the lymphadenoid structures in the first 3 patients, 
it should be decided whether or not these children should be classi- 
fied as having status thj'molymphaticus and whether or not the 
suddenness of the onset of the disease and death can be linked with 
status thymolymphaticus. There is still much discussion as to 
whether or not this status can be linked with a general lowered 
resistance of the tissue. Ever since the report of the British Com- 
mission on this question (Young and Turnbull)^®, the assumption 
of status thymolymphaticus has fallen into discredit. And yet, 
in doing routine autopsy examinations, one comes across a rare 
instance of the sudden death of an individual who had a large thy- 
mus and generalized hyperplasia of the lymphadenoid structures'. 
Death in such a case may have followed an insignificant trauma. 
If such a case reveals at autopsy the absence of inflammatory lesions 
which per se might have been responsible for the hjq)erplasia of the 
lymph nodes, we believe that the assumption of a status thymo- 
lymphaticus is still justified, at least because it provides a morpho- 
logic explanation for the sudden and unexpected death. In the first 
2 cases of encephalitis, the duration of the disease was so short 
that we cannot believe that the acute inflammation had caused the 
general lymphoid hyperplasia. In our opinion, the rapidity of the 
course of the disease and death of these children may be explained 
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by the assumption of a general lowered resistance which had its 
morphologic equivalent in the enlargement of the lymphadenoid 
structures throughout the body. In the third patient with enceph- 
alitis, however, the inflammatory changes were marked and this 
alone may explain the hjqierplasia of the lymphadenoid tissue. In 
other words, the suddenness of the deaths of some of the patients 
reported here cannot, in our opinion, be explained on the basis of a 
status thjTnoljmiphaticus, but must be regarded solely as the result 
of the fulminating encephalitis. 

Various t;>q)es of encephalitis haA^e been described in the litera- 
ture. Some authors stress the epidemic occurrence (epidemie 
encephalitis), some emphasize the particular sjonptoms (lethargic 
encephalitis), while others point to characteristic gross or histologic 
findings (hemorrhagic encephalitis, etc.). Neither clinically nor 
morphologically can we be absolutely certain as to which group of 
encephalitis our cases belong. The redness of the brain and the 
predominance of the hemorrhagic exudate which were found in every 
instance justify the anatomic term “acute hemorrhagic encephalitis.^’ 
It may be stressed that this disease had occurred sporadically 
and there was not a single instance where it was transmitted to 
anyone who came in contact with the patient. As stated before, the 
outstanding clinical feature common to all 5 of our cases of encephali- 
tis was the rapidity of its course and of the death of the patients. 
This was so striking to us that we believe that the term “pernicious” 
or “fulminating” encephalitis is justified to describe fuUy the most 
outstanding clinical picture. 

The diagnosis of encephalitis is always difficult, pince the disease 
must be differentiated from other acute infections of the central 
nerAmus system, particularly from tuberculous meningitis, brain 
abscess and brain tumor, and from what is commonly called men- 
ingism. However, fulminating encephalitis, as we have here de- 
scribed it, presents the further difficulty in that it must be differ- 
entiated from conditions which lead to sudden death and which 
do not inAmlA'e the central nervous system, such as foreign bodies 
in the lungs, and circulatory collapse. 

Summary and Conclusions. Fulminating hemorrhagic encephalitis 
is characterized by sudden onset, great respiratory difficulty, coma, 
and rapid death. The course of the disease is very short and death 
may sometimes be sudden. The cerebrospinal fluid may be hemor- 
rhagic, but is usually clear. It may have an increase in cells, or may 
show no changes. The greater the m eningeal involvement, the more 
pronounced the cerebrospinal fluid changes. Histologically, the 
brain reveals a predominance of a hemorrhagic exudate in addition 
to periA-ascularly arranged Ijonphocj'tes and neutrophils. In one 
instance, fulminating hemorrhagic encephalitis was found super- 
imposed on an old encephalitis. In children, a generalized enlarge- 
ment of the Ijonphadenoid apparatus is usually present. The 
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sudden death due to fulminating hemorrhagic encephlitis may be 
regarded as an example of "sudden death from natural causes,” 
in Kolisko’s definition of the term. 
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CARBOHYDRATE METABOLISM IN HUMAN HYPOTHYROIDISM 
INDUCED BY TOTAL THYROIDECTOMY. 
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(From the Medical and Surgical Sendees of the Beth Israel Hospital and the Depart- 
ment of Medicine, Harvard University Medical School.) 

For several years it has been recognized that diabetes mellitus 
is aggravated by thyrotoxicosis and benefited by myxedema. 

blany investigators, including Fitz,^ Wilder,^ Jolin,^ Joslin and 
Laliey,^ and Andersen® have observed that the diabetic condition 

* The first and second papers of this series appeared in this Journal, 188, 790 and 
796, 1934. 
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of patients with diabetes and thjTotoxicosis was alleviated markedlj’- 
after^ subtotal thyroidectomy. Similarly, others have reported 
amelioration of diabetes associated with thyrotoxicosis, following 
iodin treatment®’ ’’ and following Roentgen® therapy. 

Rohdenburg,® and Weinstein'® observed patients in whom all 
clinical evidences of diabetes disappeared as myxedema spontane- 
ousty developed. Wilder® also has reported a case in which the 
carbohydrate tolerance increased markedly when spontaneous 
mj^xedema developed. Weinstein'® found that the evidences of 
diabetes reappeared in his patient when the basal metabolism was 
brought again to normal by thjToid. Other investigators also have 
found that the diabetic condition became aggravated when patients 
with diabetes and myxedema were given thyroid®’ and that 
when thyroid medication was discontinued in these, patients, dia- 
betes again became less severe.®’"-'®’'® 

These striking clinical indications that a lowering of thyroid 
activity benefits diabetes led us in November, 19.33, to consider 
treating a patient with uncontrollable diabetes and incipient tuber- 
culosis by the induction of hj^iothyroidism through total ablation 
of the thyroid gland. The patient had mitral stenosis and sufficiency 
but had never experienced any symptoms nor shown any signs of 
congestive failure. This patient had no evidences of thyrotoxicosis 
and the basal metabolic rate averaged -f 7%. The usual methods 
of treatment had failed to control her diabetes. It was hoped that 
by producing hypothyroidism the diabetes might be alleviated and 
the progress of the tuberculosis be retarded indirect]J^ In preidous 
studies of the control of h}*pothyroidism after total thjToidectomy 
in patients with chronic heart disease, it had been found that a 
basal metabolic rate of approximately —25% to —30% could be 
maintained without discomfort to the patient.'®’'® Total ablation 
of the thyroid gland according to the technique of Berlin'® was 
therefore performed in this patient after a thorough explanation of 
the situation to her. 

Case Eeport. On May 16, 1931, Mildred D. (B. I. H. Case 10811) a 22- 
3 "ear-old, Ainerican-borh, Jewish houseivdfe, entered the Beth Israel Hospital 
complaining of marked loss of weight for 4 months, and polydipsia, poly- 
uria, and polyphagia for 1 month. The family history was negative; the 
past history was essentially negative except for the presence of a cardiac 
murmur since the age of 12, at which time she had had a severe attack of 
chorea. The urine at the time of admission showed complete reduction 
for sugar and 44- acetone. The fasting blood sugar was 192 mg. per 100 cc.* 
The body height was 62 inches and the weight llO pounds. The B. M. B. 
was —13%. Hematological studies revealed normal findings. The patient 
remained in the hospital 13 daj’^s during which time the diabetes was con- 
trolled by a diet consisting of 110 gm. of carbohydrate, 50 gm. of protein, and 

* Blood sugar measurements were made by the method of FoJin.J* Tlasma choJes- 
terol measurements by the method of Bloor^® and basal metabolic rates using a 
Collins-Benedict-Roth spirometer and calculating according to the normal standards 
of Aub and Dubois.^o 
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70 gm. of fat (1270 calorics), and 10 units of insulin daily. She was discharged 
to the Diabetic Clinic of the Out Patient Department on this same regime. 
Because of loss of weight during the next 2 months, her diet was gradually 
increased to ISO gm. of carbohydrate, SO gm. of protein, and 140 gm. of fat 
(2300 calories), and the insulin to 20 units daily. 

In Februar}', 1932, the patient returned to the Clinic after an absence of 
6 months, during which time she had had a therapeutic abortion and had 
not adhered to her dietary and insulin routine. At this time her diabetes 
was so severe that 60 units of insulin daily, divided in three doses, were 
required. 

In June, 1932, she was admitted into the wards with signs_ of subacute 
appendicitis. An appendectom}' was performed. The operation and con- 
valescence were uneventful. She remained in the hospital 55 days, during 
which time it was extremely difficult to control the diabetes adequately. 
Tlie fasting blood sugar values were repeatedly approximately 350 mg. per 
100 cc., the insulin dosage from 40 to SO units daily. During the next 15 
months the patient returned to the Diabetic Clinic every 1 to 2 weeks. 
Many dietarj’' and insulin adjustments were attempted. She was finally 
regulated on a diet of carlmlij'drate 130 gm., protein SO gm., fat 120 gm., 
totalling 1900 calories, and 66 units of insulin divided in three doses dailJ^ 
On this r6gime she did fairly well for about a year, although sugar was still 
repeatedly found in the 24-hour urine, and cliauges from insulin reactions 
at one time of the day, to gross glycosuria at other times were frequent. 

On October 23, 1933, because of the steadily increasing severity of her 
diabetes, and the development of lung lesions she was readmitted to the 
hospital. Her weight at this time was 112 pounds. She complained of 
general weakness. Examination of the lungs revealed dullness, increased 
transmission of breath sounds, and occasional crepitant lAles over the right 
apex. Stereoroentgenographic examination of the lungs revealed an area 
of increased density at the right apex, the central portion of which contained 
an ovoid area of diminished density, suggesting early cavitation. There' 
was no cough, hemoptysis, or night sweats, the temperature was normal, 
but the pulse rate ranged Ijetween SO and 100. A diagnosis of pulmonarj' 
tuberculosis was made. The patient also had mitral stenosis but had at no 
time experienced signs or sjTuptoms of heart failure, nor had her activities 
been limited by the cardiac condition. 

During the 2 weelvs between October 23 and November 6, 1933, in 
the hospital, she was maintained at complete bed rest. On a diet of 140 gm. 
of carbohydrate, 80 gm. of protein, and 140 gm’. of fat (2140 calories), she re- 
quired as much as 105 units of insulin daily divided in four doses. In spite of 
this, her diabetes remained uncontrolled. The blood sugars varied from verj’’ 
high to very low figures during the same day in spite of adjustments in 
insulin and diet. 

The treatment of this patient vdth severe diabetes and tuberculosis of 
the lungs was an extremely difficult problem. She obviously required 
meticulous supervision of her diabetes and bed rest for her tuberculosis, 
financial and social circumstances prevented her from receiving adequate 
treatment at home. The diabetic condition was intmctable under the opti- 
^o'lditions in the hospital and so it was deemed unwise to submit her 
to the less closely supervised regime of the average sanatorium. 

, November 6, 1933, total ablation of the thyroid gland was performed, 
bope that hypothj'xoidism might alleviate the diabetes and thereby 
also have a favorable effect upon the tuberculosis. The postoperative 
course was uneventful. On pathologic examination the thyroid gland was 
found to be normal. The patient remained in the hospital under close 
observation for 5 months. 

The average basal metabolic rate before operation was +7%; the body 



54 


RITOT, BLTOIGART, BERLIN; 


weight 111 pounds (Chart I) . During the 5 postoperative months the patient 
was ranfined to bed, because of the tuberculosis, and given the same diet as 
that just prior to operation, namely; 140 gm. of carbohydrate, 80 gm. of pro- 
tein, and 140 gm. of fat (2140 calories). Follonung operation, the B. M. R. 
decreased gradually, and at the same time the insulin requirements also 
decreased (Chart I) . Failure to decrease the amount of insulin occasionally 
resulted in mild insulin reactions. The B. M. R. 45 da 3 '’s after operation 
had decreased to —30% and the insulin requirement to 35 units daily. 
The body weight had increased to 118 pounds. From the 50th to the 82d 
postoperative days the basal metabolic rate ranged between —30% to —35% 
and the insulin requirements varied from 35 to 50 units daily. The plasma 
cholesterol concentration was high (Table 1). By the S2d postopera- 
tive day her body weight had increased to 127 pounds. Beginning approx- 
imately 2 months after operation, the patient experienced some weakness 
and drowsiness. These symptoms became graduallj’’ more severe so that 
be^nning on the 82d postoperative day she was given small amounts of 
desiccated thjTOid (gr. ^ daily. Armour). During the 10 days on this medi- 
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Chart I. — Effect of total thyroidectomy on insulin requirement. 


cation the B. M. R. increased from its lowest value of —38% to approxi- 
mateb’' —30%; the insulin dosage remained 50 units daily (Chart I). The 
symptoms of myxedema were relieved. 

In order to determine whether the postoperative decrease in insulin 
requirement of this patient was due to the development of hypothyroidism, 
or to some other factor, suflacient thjuoid was administered to raise the 
metabolism to the pre-operative level. The thyroid medication was in- 
creased gradually, and 135 days after operation the B. M. R. had increased 
to 4-5% (Chart I), and the serum cholesterol had decreased to normal 
(Table 1). The patient now presented the same intractable diabetes as 
before operation; 110 units of insulm daily again were required (Chart I). 

Thyroid medication was omitted and the B. M. R. and insulin require- 
ments again decreased (Chart I). , , „ 

On April 15, 1934, 5 months after operation, she was discharged to the 
Diabetic Clinic of the Out Patient Department with practically the same diet 
(carbohydrate 140 gm., protein 80 gm., fat 120 gm., totalling 1960 calories) 
as that emploj-ed throughout the studj--, and 46 units of insulin daily.divided 
in three doses. Her B. jVI. R. at this time "was — 20%. She was allowed up 


basal metabolic rate 

PdCani of Normal 
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and about and to do light work. On Ma^’- 3, wth the B. M. R. at —24%, 
and 46 units of insulin dail}" divided in two doses some wealcness was again 
experienced so that thjToid grains A daity were prescribed. 


Table 1.— Effect of Total Thyroidectomy ox the Basal Metabolism, Plasma 
Cholesterol axd Insulin Requirement. 


Oct. 

Nov. 

Nov. 

Date 

25, 1933 . 
2, 1933 . 
5, 1933 . 

Basal 

niet.abolic 

rale, 

% deviation 
from nornial. 

. . . + 2 
... +12 
+ 8 

Plasma 
cholesterol, 
niR. per 

100 cc. 

Insulin 

units. 

95 

100 

105 

Daily 

thyroid 

tncdication, 

Kin. 

Nov. 

6, 1933 

Total ablation of normal thyroid gland. 


Dec. 

1, 1933 . 

. . . -14 


Go 


Doc. 

1C, 1933 . 

. . . -20 


55 


Doc. 

20, 1933 , 

. . . -32 

520 

45 


Jan. 

13, 1934 . 

. . . -35 

C94 

40 


Jan. 

31, 1934 . 

. , . -34 


50 

.015 

Feb. 

15, 1934 . 

. . . -2C 

510 

50* 

.120 

Feb. 

24, 1934 . 

. . . -13 

20S 

CO* 

.ISO 

iMarch 10, 1934 . 

... - 3 

189 

100 

.300 

March IS, 1934 . 

. . . + 5 

ICG 

110* 

.300 

March 24, 1934 . 

. . , -13 

245 

85* 


May 

3, 1934 . 

. . . -24 


48 


May 

29, 1934 . 

. . . -15 

403 

48 

.007 

Aug. 

30, 1934 . 

. . . -17 

2S4 

48 

.007 

Nov. 

10, 1934 . 

. . . -21 

390 

42 

.007 


* Indicates that the urine showed sugar during the entire 24 hours and that more 
insulin was required. 


From May 1934 to November, 1934 the same diet prescribed on discharge 
from the hospital was given. Between 42 and 48 units of insulin daily proved 
sufficient to control the diabetic condition. Because of financial difficulties, 
the patient did not follow the dietaiy regime on a few occasions and glycosuria 
occurred. On one of these occasions she was admitted to the wards for 
proper regulation and was discharged in 10 days op the same diet and the 
same amount of insulin on which she was stabilized before, namelj'-, 44 units 
daily divided in two doses. With the exception of these few occasions, the 
urine has been sugar-free most of the day. The body weight has been approxi- 
mately 130 pounds. Her B. M. R. has remained approximately —20%. 
Except for a short period when she complained of cramps in the calves of 
the legs and occasionally in the feet, she has been free from symptoms of 
myxedema, receiving thyroid grains A daily. 

It is interesting to note that for several months following thyroidectomy, 
she had difficulty in reco^izing insulin reactions, the only symptom being 
that of precordial or epigastric weakness. Beginning October, 1934, the 
characteristic symptoms of sweating and inward trembling sensation have 
returned. 

pulmonary process in this patient has become arrested. On March 
’Months^ after operation, Dr. Mark Joress of the Pulmonary Clinic 
made the following observation: “A sumnlary of symptomatology, phj’’sical 
examination and radiographic findings warrants, I believe, the opinion 
thM the tuberculosis is showing a constant regression.” On examination 
o, 9 and 12 months after operation, no clinical or Roentgen ray signs of 
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activitj- in the lungs could be found. On November 1, the Roentgen ray 
report states “re-examination of the chest shows the areas of increased 
density in the upper portion of the right lung field still present, but there 
are no progressive changes in the lungs.” 

Since this paper has been in_press the patient has maintained her clinical 
improvement. On ISIaj' 9, 1935, she was found to require 40 units of insulin 
daily. The midday blood-sugar concentration was 124% mg., the serum 
cholesterol was 328% mg., and tlie urine specimens during the entire 24 
hours were sugar-free. 

Discussion. The therapeutic results obtained by total thyroidec- 
tomy in this patient have been gratifying up to this time, 1 year 
after operation. On an adequate diet her diabetes has been con- 
trolled with 42 to 46 units of insulin daily, divided in tivo doses, 
while prior to the operation her diabetes could not be controlled 
adequately even with S5 to 105 units daily. The tuberculosis has 
been arrested by 5 months of bed rest following operation and prob- 
ably also in some measure through the alle^^atio^ of her diabetic 
condition. At the level of hjqiothyroidism (B. M. R. of approxi- 
mately — 20%) maintained in this patient by the administration of 
small doses of thyroid (Armour’s gr. daily), she suffers no 
appreciable discomforts. She now^ leads a happy and useful life, 
taking care of her home for her family. She looks more healthful 
than before operation, partly because of the gain in w'eight. Her 
general appearance is in no manner that of a patieDt with myx- 
edema. 

Observations of the effect of total thyroidectomy on the carbo- 
hydrate metabolism of experimental diabetes in animals have been 
discussed in the second paper of this series.-- O’Day, in 1915, 
removed the “greater portion” of the thjToid gland in 2 young 
patients with diabetes and no evidence of thyroid disease. During 
the first few postoperative months these subjects showed a marked 
increase in tolerance,-^ but subsequently both patients died in 
diabetic coma.-'* In view of the fact that maximal subtotal thy- 
roidectomy maj^ cause only temporary hjTothjToidism,-® it seems 
possible that permanent h>q)othjToidism was not effected in O’Day’s 
cases with diabetes. Crile,-®--' also in 1915, performed section of the 
cervical sympathetic, left suprarenalectomy and partial thjToidec- 
tomy in a patient with diabetes. ^^^liIe satisfied wdth the results 
obtained in this patient, Crile was unwilling to ascribe the improve- 
ment entirely to the operation because the Allen treatment was 
employed at the same time.-" 

A few weeks after our patient -was operated upon. Wilder, Foster 
and Pemberton-® reported a case of severe uncomplicated diabetes 
and no thyroid disease in which radical thyroidectomy was done 
on hlay 30, 1933. The development of h^qiothyroidism was accom- 
panied' by- a marked increase in sugar tolerance w'hich paralleled 
roughly -the decrease in the B. M. R. One year after operation, 
the patient required 15 units of insulin daily at a level of hjTO- 
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tliyroidisra compatible with freedom from discomforts of myxedema, 
whereas prior to operation he had required approximately 30 units 
daily.-®’-" 

The improvement of the diabetes in Wilder’s patient and in our 
patient after the development of induced hjqiothjToidism is in 
accord with the improvement in diabetes which has been observed 
to attend the development of spontaneous myxedema."’ That 
the diabetes in our patient again returned to its pre-operative sever- 
ity when the B . hi . R . was raised to its pre-operative level by thyroid 
medication (Chart I), is in accord witJi the finding that diabetes is 
rendered more severe when the basal metabolism is increased by 
th;\Toid medication"’"’^""^^ or by th.’^Toid disease.^"® The improve- 
ment in the diabetes of our patient was not related to subsidence 
of the tuberculosis, for raising the metabolic rate by thjToid to the 
pre-operative level again reproduced the severe diabetic state wit- 
nessed before operation. 

In order to remain free from the discomforts of myxedema our 
patient requires grains of thyroid (Armour’s) daily. On this thy- 
roid dosage a h;\qiothyroid state is maintained with a level of basal 
metabolism of approximately —20%. This principle of maintaining 
a hjTpothyroid patient at a le\'el of metabolism just sufficiently high 
to avoid the se-v^ere sjanptoms of myxedema should be applicable 
likewise in those patients with spontaneous myxedema and diabetes 
whose diabetes becomes severe when the basal metabolism is brought 
to normal by thjwoid. 

The elevated blood cholesterol values found at intervals after 
total thyroidectomy (Table 1) in thispatient were related, apparently, 
to the degree of hjqjothyroidism rather than to the diabetic state. 
Very high cholesterol values were obtained during the third post- 
operative month when the B. M. R. was very low and the patient 
was experiencing distressing symptoms of m;^o^edema such as weak- 
ness and drowsiness. This is in accord with previous observations 
following total thyroidectomy in patients Avith chronic heart dis- 
ease."" When the B. M. R. was returned to normal by thyroid 
medication, the concentration of serum cholesterol became normal, 
subsequently increasing again as the B. M. R. decreased following 
reduction in thyroid medication (Table 1). 

The mechanism through -which diabetes is benefited by hjq)o- 
thyroidism is not entirely understood. In the first communication 
of this series"^ it -wms pointed out that in non-diabetic patients, 
hypothyroidism induced by total thyroidectom 5 '- had but little 
effect on the glucose tolerance curve and the concentration of the 
sugar of the serum after a fast. On the other hand the carbohj^drate 
tolerance of a patient with mild diabetes, in Avhom total ablation 
of the normal thyroid gland Avas performed for the relief of, angina 
pectoris, increased considerably after hj'pothyroidism dcA^eloped."^ 
The glucose tolerance cuTA'^e also became considerably more like 
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normal when hypothyroidism developed after total thjToidectomy 
in a patient who before operation had mild hyperthyroidism and 
an abnormal glucose tolerance curve.®' In the second communica- 
tion of this series, “ it was shown that the effect of the subcutaneous 
injection of 20 units of insulin on the blood sugar of non-diabetic 
patients was the same before and after the development of hypo- 
thyroidism; in 6 patients 20 units of insulin caused an average 
maximum decrease of 34% in the blood sugar before operation and 
the same average decrease after hypothjnoidism developed. Fitz' 
has suggested that a lon^ering of the B. M. R. affords improvement 
in patients with diabetes. Wilder-®’® accounts for the improvement 
in diabetes, which accompanies the lowered B. M. R. in hj^pothy- 
roidism, by an increased sensitivity to insulin. Joslin,®® before the 
insuhn era, found that the metabolism in diabetes was greatly influ- 
enced by high and low diets. 

Although maximal subtotal removal of the normal thyroid gland 
in man occasionally may produce permanent hypothyroidism,®®’®® 
evidence has been presented®®-®® that total removal of the normal 
thyroid gland must be performed in order to insure permanent 
hypothyroidism in every instance. In 2 patients with heart disease 
in whom maximal subtotal removal of the normal thyroid gland 
was performed at the Beth Israel Hospital®® hypothyroidism did not 
persist. Other investigators have reported similar experiences.®^’®® 

Means and Herman®® have described the rate of decrease in 
B.M.R. following the abrupt cessation of thyroid medication in 
patients with myxedema. From the B. M. R. studies in our patient 
it is evident that the rate of decrease of metabolism is approximately 
the same following total ablation of the normal thyroid gland and 
cessation of thyroid medication which has restored the B. M. R. to 
normal (Chart I). The rate of decay of thyroid activity, both after 
total thyroidectomy and after thyroid medication in this patient 
accords with tlie flndings of Means and Herman.®® 

The severity of the diabetes in our patient, together, with the 
complication of tuberculosis, appeared to justify the attempt to 
benefit her by inducing hypothjToidism through total ablation of 
the normal thjaoid gland. This procedure obviously is not applica- 
ble to the treatment of diabetes mellitus unless the case is of marked 
severity and uncontrollable by the usual therapeutic measures. 
Wilder and his associates®® concluded from their study of the effect 
of hypothjToidism induced by radical thyroidectomy in a patient 
with diabetes that ''the remedial result was not sufficient to justify 
recommending the procedure as a treatment.” It should be noted 
•that their patient on an adequate diet required only 30 units of 
insulin daily before hypothyroidism was induced. From the results 
in our ease of severe diabetes we feel that unusual patients with 
diabetes of similar severity and unstable character may benefit 
from total thjToidectomy. 
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Summary. 1. A patient witli severe uncontrollable diabetes 
mellitus complicated by tuberculosis of the lungs was treated by 
total ablation of the tliyroid gland. Before operation, the B. M. R. 
was +7% and the patient showed no evidences of hjTierthjToidism. 
The extirpated thjToid tissue was found normal on gross and micro- 
scopic examination. 

2. The diabetic condition which could not be adequately con- 
ti-olled prior to operation under optimal conditions with diet and 
an average insulin dosage of 95 units daily was readily controlled 
by diet and 44 units of insulin daily after hjiiothyroidism developed. 

3. A level of hypothjToidism at which the patient remained free 
from any unpleasant simiptonis of myxedema was maintained by 
very small doses of thyroid. 

4. It is suggested that the treatment of hjqiothyroidism with 
very small doses of thyroid as applied in this patient may be useful 
also in some patients with diabetes and spontaneous myxedema. 

5. As evidence that the reduction in insulin requirements in our 
patient was due to the hjqiothjToid state, it was found that adminis- 
tration of thjToid sufficient to restore the pre-operative metabolic 
level resulted in relapse -of the patient’s diabetic condition to the 
pre-operative status. 

6. Total thyroidectomy is not advised in the treatment of diabetes 
mellitus except in the rare case Avith very severe diabetes which 
cannot be controlled adequately by the application of all Icnown 
therapeutic measures. 
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THE VARIABLE AUSCULTATORY SIGNS OF PULMONARY 

CAVITIES.* 

By Raphael A. Bendove, M.D., 

ATTENDING jPinrSIcrAN, SEA VIEW HOSPITAL; ASSISTANT ATTENDING PHYSICIAN, 
NEW YORK POST-GRADUATE HOBPITAE; INSTRUCTOR IN MEDICINE, NEW YORK 
POST-GRADUATE MEDICAL SCHOOL, COLUMBIA UNn'ERSITY, 

NEIV YORK CITY. 

jMost of the pulmonary caiuties, irrespective of whether they are 
tuberculous, bronchiectatic, acute suppurative, or neoplastic in 
origin, do not reveal their presence by cavernous breath sounds. 
In 350 cases of pulmonary cavities which I have studied at the Sea 
View, Cumberland, and New York Post-Graduate Hospitals, I 
found that 246 lack most if not all of the classic auscultatory signs' 
of cavitation. However, I want to stress from tlie start that these 
findings in no way disparage the diagnostic importance of the stetho- 
scope, but merely point to the necessity of revising the hitherto 
accepted physical signs of cavities and their probable mechanism. 
Whereas pectoriloquy and amphoric breathing may be heard over 
an old fibroid lesion which is of little clinical significance, very scanty 
signs may be elicited over an active pulmonary cavity which requires 
immediate therapeutic attention. Of the 246 cases which lacked 
cavernous breathing, 36 revealed no inkling of the presence of any 
pulmonary lesion, but the rest of the cases manifested certain adven- 
titious signs which when systematized properly proved helpful in 
the diagnosis of caiaties. 

The 350 cases of pulmonary cavities which I have studied, may 
be divided into four groups as far as auscultatory signs are concerned : 
a, Cavities winch manifest themselves through the classic cavernous, 
signs; 6, camties over which no suspicious signs of any pulmonary 

* Presented at the Research Society and Journal Club of the New York Post- 
Graduate Medical School, November 13, 1934. 




A B 

Fig. 1.— vl, Two adjacent small cavities in outer zone of left pulmonic field. The 
only adventitious sign elicited over this area was coarse rales after cough. B, Cavity 
in midzone of right pulmonic field (note fluid level). Altered breath sounds and moist 
inspiratory rales were limited to this area anteriorly, but no adventitious signs 
were elicited posteriorly. 



A B 


Fig. 2. A, Caseous lesion in left lower lobe, but no definite cavity is outlined on 
the roentgenogram. Auscultation revealed modified breath sounds and crepitant 
rales on ordinary inspiration, limited to same area anteriorly and posteriorly. B, A 
roentgenogram of the same case after induction of left artificial pneumothorax. 
Note the well-outlined cavity and its thick capsule. 




ABC 


Fig. 3. — A, A large cavity in right upper lobe with all the classie cavernous signs. 
B, Same case after injection of 300 cc. of air into pleural cavity; only altered breath 
sounds and coarse inspiratory rales are now heard over subclavioular fossa. C, A 
roentgenogram a few weeks later shows cavity reduced in size; cough and deep 
breathing elicit only a few rales over area of cavitation. 
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Fig. 4. — A, No definite lesion is visible, though cavernous breathing was heard 
over left lower lobe. B, Same case after bronchography, revealing 2 bronchiectatic 
cavities communicating by a small narrow canal. 
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lesion can be elicited; these I named absolutely mute; c, relatively 
silent, i. c., such cavities which do not exhibit any of the classic 
signs but over which other adventitious sounds are heard, such as 
altered breath sounds, modified whispered voice, inspiratory rales 
over a limited area, etc.; d, intermediate, i. e., such ca^dties which 
at times are absolutely silent and at other times reveal themselves 
by certain adventitious stethoscopic signs, thus belonging alter- 
nately to Groups h and c. 

The following table indicates tlie order of frequency of the four 
groups of cavities: 


Table 1.— FnEQUENCY of 4 Types of Cavities. 



No. of 

Frequency, 


• cases. 

%. 

Total number 

.... 350 


Relatively silent cavities 

.... 177 

50.6 

Cavities with cavernous breathing 

.... 10-1 

29.7 

Intermediate cavities .... 

. ... 30 

10.3 

Absolutely mute cavities 

. ... 33 

9.4 


It is evident from these figures that the relatively silent cavities 
are by far the most prevalent. Their “silence” applies only to 
cavernous sounds, otherwise they invarably manifest themselves 
through certain congeries of stethoscopic signs. The figures also 
clearly indicate that cavernous breatliing, as a diagnostic criterion 
of a cavity, takes only a second place, for it was present in only 
about 30% of all ca\nties. On the other hand, it is of clinical sig- 
nificance to note that a small number of pulmonary cavities cannot 
in any way be detected by physical signs (33 cases out of a group 
of 350 cases). If we also add the intermediate cavities to these 
so-called absolutely mute ones, the total would vbe increased to 69 
cases, which would mean that at most about 20% of all pulmonary 
cavities could not be detected by physical signs alone. However, 
in about 80% of all pulmonary ca\'ities the stethoscope was suffi- 
eient to diagnose or at least to suggest the presence of a cavity. 

The question arises, what are the factors which modify the physi- 
cal signs of a cavity, and what bearing have they on the clinical 
course and possible therapeutic procedure to be followed ? Without 
going into a detailed discussion of breath sounds in general, it 
might be stated that two views prevail; 1, that they are produced 
in the larynx; 2, that they originate in the chest. Bushnelh seems 
to have proven experimentally that the breath sounds are produced 
in the larynx, but are modified by conduction and sympathetic 
vibrations of the lung tissue and thoracic cavity. Chauveau,^ on the 
other hand, seems clearly to have established the fact that experi- 
mental obliteration of the glottic sound does not annul the inspira- 
tory sound heard by auscultation over the lung. Hence, he believes 
that it originates in the chest itself. Neither of these views alone 
can explain the production of cavernous sounds. It is possible 

VOL. 190, NO. 1. — JULY, 1935 3 
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that a laryngeal element is present in all breath sounds, but the 
inrush of air into the cavity and the sympathetic vibrations set 
up in its wall are principally instrumental in imparting the blowing 
cavernous tinge to its respiratory sound. The following factors 
are to be considered in the mechanism of production of auscultatory 
signs over a ca^^ty: a, the communicating bronchus; b, the consist- 
ency of the wall or capsule of the cavity; c, the topograpliic relation 
to the thoracic wall and to the main bronchi; and d, the surrounding 
lung tissue and medium of conduction. The size and shape of the 
ca\’ity also play a certain role in modifying the breath sounds. 

The closure of a communicating bronchus may be produced by 
fibrosis or by secreta and necrosed material. Complete fibrosis of 
a bronchus is a rare phenomenon, and Dr. Auerbach, the pathol- 
ogist at Sea View Hospital, tells me that he has seen only 2 cases 
of complete fibrosed bronchi in about 600 autopsies. However, 
plugging of the lumen of a bronchus by thick tenacious secretion 
is more common, particularly in cavities located in the outer zone 
of the pulmonic field (Fig. 1.4), the afferent bronchus of which is 
of small caliber and can be easily obliterated. No auscultatory 
signs may be heard over such ca\aties, though couglung may often 
dislodge the plug and reopen the bronchus with consequent changes 
in the physical signs. 

VTien the bronchus, communicating with the cavity, is of larger 
caliber, it will rarely, if ever, become plugged entirely by sputum. 
The phj'’sical signs of such a cavity will vary mostly with its dis- 
tance from the periphery and the consistency of its walls. Fig. 15 
shows a medium-sized cavity in the midzone of the third interspace 
of the right hemithorax. Altered breath sounds, increased whis- 
pered voice, and numerous moist rales were heard over this area 
anteriorly, but no adventitious sounds at all were elicited posteriorly. 
Stereoroentgenoscopy and Roentgen ray plates taken in the P. A. 
and A. P. positions, revealed the cavity to be located near the periph- 
ery anteriorly. The difference in these physical signs anteriorly and 
posteriorly is useful in locating the position of the cavity which is of 
great importance in surgical cases. This was a case of a pulmonary 
abscess which needed surgical intervention. 

Altered breath sound and whispered voice, and particularly 
coarse inspiratorj’’ rales heard over a limited area in the chest, are 
strongly indicative of a cavity. Such ca'sdties have a patent bron- 
chus through which an ingress and egress of air takes place, but the 
walls of the cavity are soft, ragged, and not very Anbratile; conse- 
quently the cavernous pitch is not produced.. The capsules of these 
cavities are very poorly outlined on the roentgenograms, though 
after induction of pneumothorax, when the secretion and debris 
had been squeezed out from the cavernum, the walls may stand out 
conspicuously (Compare Figs. 2A and 25). In a prewous contri- 
bution,® I pointed out that such cavities, if they are tuberculous 
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in origin, have a poorer prognosis than the absolutely mute cavities. 
Artificial pneumothorax is the treatment of choice of such cavities 
and the sooner this therapy is initiated the better the prognosis. 
I find these cavities to be more predominant in the caseous-pneu- 
monic type of the clinical classification of pulmonary tuberculosis 
by Ornstein, Ulmar and Dittler.-* 

The relationship of the surrounding medium to the change in 
physical signs was studied in a large group of cases of pulmonary 
cavities which were treated by artificial pneumothorax. Frequent 
physical examinations in conjunction with serial Roentgen ray 
examinations have helped much in interpreting the various physical 
signs of a cavity. Fig. 3/1 shows a cavity in the right upper lobe 
which exhibits all the textbook cavernous signs. However, after 
the injection of 300 cc. of air into the right pleural cavity (Fig. 3B), 
the cavernous breath sounds disappeared, though whispered voice 
was still increased and coarse rales were heard in the subclavicular 
region on ordinary inspiration. Fig. C, a roentgenogram of the 
same case a few weeks after the initiation of the treatment, shows 
the cavity markedly reduced in size; the breath sounds at this time 
were slightly diminished, but deep inspiration and cough elicited 
moist rales limited to the area of cavitation. If a selective type of 
pneumothorax is established, the functioning portions of the lung 
continue to expand and contract with respiratory phases, and no 
adventitious signs may be heard. Normal lung tissue surrounding 
a small cavity may also overshadow all the auscultatory signs of a 
small cavity, particularly if the lung is emphysematous. 

It should be stressed however, that cavernous breathing always 
indicates a cavity, even if the cavity is not outlined on the ordinary 
roentgenogram. The following case is illustrative in this respect. 
Cavernous signs were elicited at the right lower base, but no cav- 
ernum was \dsible on the roentgenogram (4At). However, on inject- 
ing iodized oil, two bronchiectatic cavities were revealed to be 
connected by a very small distorted broncliial canal (4JS). We 
encountered many instances in which the stethoscope was more 
informative than the Roentgen ray alone. 

The presence of cavernous sounds indicates as a rule, an older 
cavity with a thickened and well-fibrosed capsule. Such cavities 
are not always amenable to artificial pneumothorax, and surgical 
collapse is often the only means of obliterating them. The relatively 
silent cavities, with soft and yielding walls, can often be success- 
fully compressed with a selective type of pneumothorax, the mechan- 
ism of which I discussed fully elsewhere.® This type of pneumo- 
thorax entails very little respiratory and circulatory changes and 
causes little discomfort to the patient. 

It is needless to say that Roentgen ray examination should be 
used as a routine diagnostic procedure in any suspicious case of 
respiratory involvement, for it always adds to our clinical under- 
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standing of the Ccase. Cough or expectoration may not necessarily 
be complained of even in the presence of a cavity. The scope of this 
paper does not allow me to discuss fully the cough-reflex and expul- 
sive mechanism of the bronchi and the reader is referred to another 
contribution.® Suffice it to mention here that even a large bron- 
chiectatic cavity may exist without any bronchorrhea, or tubercu- 
lous cavities situated at a distance from the main bronchi may cause 
no cough or expectoration. Such peripheral cavities are, as a rule, 
of the absolutely mute or intermediate type, for they communicate 
with bronchi or Iirohchioles of very small caliber, and may sometimes 
close or heal spontaneously. Serial Roentgen ray and physical 
examinations are essential for the determination of the proper 
therapeutic procedure to be carried out. 

Summary. Pulmonary cavities can be divided into four groups 
as far as auscultatory signs are concerned. Of 350 cases of pulmon- 
ary cavities, only 104 (29.7%) exhibited cavernous breathing; 
33 (9.4%) gave no inkling whatsoever as to the presence of a pul- 
monary lesion; 177 (50.6%) lacked the cavernous sound but mani- 
fested their presence through other adventitious signs, and 36 
(10.3%) were intermediate, i. e., at times were absolutely silent 
to auscultation and at other times revealed themselves by certain 
stethoscopic signs. 

The factors of primary importance in the production of the vari- 
able signs of cavities are: the communicating bronchi, the con- 
sistency of the capsule of the cavity, the topographic relations, the 
surrounding lung tissue and medium of conduction. 

The most significant and common signs of early cayitation are 
modified breath sounds and localized coarse rales Jieard on ordinary 
inspiration. Such cavities have, as a rule, soft and yielding walls 
which are easily amenable to collapse therapy. Cavernous breath- 
ing generally indicates an older cavity, be it tuberculous or non- 
tuberculous with fibrosed, rigid walls which render it refractory to 
medical treatment; only radical surgery is able to close completely 
such a cavity. The absolutely mute cavities can be diagnosed only 
by roentgenology; they are the least frequent and usually have a 
fair prognosis. 
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PNEUMONIAS DUE TO PNEUMOCOCCUS TYPE VDI.* 


By Jesse G. M. Bullowa, M.D., 
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COEEEGE, NEW YORK UNIVERSITY; VISITING PHYSICIAN, HAREEM HOSPITAL, 
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(From the Harlem Hospital Station of the Littaucr Pneumonia Research Fund of 
New York University and the Medical Service, Harlem Flospital, 
Department of Hospitals.) 


With the introduction of type specific therapeutic sera it has 
become desirable to classify the pneumococcus pneumonias in 
accordance with the etiologic type and, if possible, to differentiate 
them clinically. 

The separation of the pneumococci into specific types ultimately 
depends on the production of type specific antibodies as the result 
of their reaction with certain animal hosts. It is not unreasonable 
to suppose that there may be other differences in the manner in 
which the body responds to invasion by pneumococci of various 
tjTies. 

Specific differences due to the pneumococcus may exist in respect 
to invasion, course, symptoms and physical signs. It is our purpose 
to describe the reactions of the body to Pneumococcus Tj'^pe VIII. 
Our studies only permit us to sketch the disease picture; details 
must await more extended observations. At first many cases of 
Type VIII were included with Tjqie III and unless care is taken 
they may still be thus designated. Finland and Sutliff^ have 
already furnished some data contrasting Types III and VIII in 
their very valuable contribution. 

Frequency. We base our description chiefly on 122 cases in adults 
(constituting 5.9% of 2067 pneumococcus pneumonias) and 11 cases 
in children (constituting 2.2% of 500 pneumococcus pneumonias 
studied on the Pediatric Service of Dr. M. Gleich. The cases were 
observed during a 5-year period, July 1, 1928, to June 30, 1933. 
Since then we have observed more than 60 cases among adults on 
our Adult Ser\nce, a few on the Children’s Service and several in 
private practice. The number of admissions to our service due to 
this disease has increased in recent years (Graph 1). This is not 
due to a transfer of cases from Type III to Type VIII because of 
more precise bacteriological work. It will be seen on comparing 

* This research received assistance from the Metropolitan Life Insurance Com- 
pany. The children were studied in part with assistance from the Commonwealth 
Fund. Therapeutic and diagnostic serum was produced in the Research Laboratory 
of the Department of Health, New York City, Dr. William H. Park, Director, in 
part with financial assistance from the Altman Foundation, Inc. The advice and 
assistance of Dr. William H. Park and Miss Georgia Cooper are gratefully acknowl- 
edged. 
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the two tjqies that the number of cases of Type III has increased 
also. 

Pneumococcus Type V III (Cooper). In June, 1928, Sugg, Gaspari, 
Fleming and NeilP reported on a \drulent strain of pneumococcus 
which is immunologically related to but not identical with typical 
strains of Tjqie III pneumococci. They definitely avoided the term 
“sub-type” or “atypical” and referred to it as the “Thomas” 
strain. They showed that the Thomas strain was precipitated in 
low dilutions vdth anti-Thomas serum. In an accompanying paper 
by Harris, Sugg and Neill,^ it was shown that rabbits were more 
susceptible to the Thomas strain and mice more responsive to 
typical Type III. 



Key: 


□ 

ISl 



Noa-bactcremio recovered. 
Non-bacteremic died. 
Bacteremic recovered. 
Bacteremic died. 



Graph 1. — Annual admissions for each of 6 years, 192S-1929 to 1933-1934, of 
patients suffering from pneumonia due to pneumococcus Typo III and to pneumo- 
coccus Type VIII. 


In 1929 Cooper, Edwards and Eosenstein^ recovered from four 
strains obtained from Harlem Hospital an organism which was 
identical with Group IVA found by Robinson^ to be the most 
common strain of Tjqie “IV” in 1927 in Pittsburgh, Pa., and with 
the Thomas strain of Sugg and his coworkers. It was suggested 
in this article that part of the therapeutic failures with Tjqie III 
serum might be due to failure to exclude cases due to this type 
which the authors named Tj^pe ^TII. 
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Differentiation. Morphology. In a subsequent article by Cooper, 
Rosenstein, Walter and Peizer,® based on a study of 31 strains, the 
marked cross-agglutination between Type VIII and Tj^pe III was 
again emphasized. The capsule of Type III pneumococcus is 
usually much larger than that of Type VIII. Type VIII was never 
found to have the large mucoid colonies characteristic of Tj'pe III. 
There is much more hemolysis about the smaller colonies produced 
by Pneumococcus Type VIII. Cooper suggested that if agglutina- 
tion and precipitation reactions are chiefly relied upon for the 
identity of Type III strains. Type VIII might be confused with it. 
She suggested that titration of strains should be made with both 
antisera, which she carried to high dilutions, when organisms react- 
ing mth either type are encountered. 

Miss Clapp, of the Lederle Laboratories, Inc., informs me that 
only about 50% of rabbits, in response to the injection of Pneumo- 
coccus Type III, produce pure homologous agglutinins for Type III ; 
almost one-half produce some agglutinins for Type VIII as well. 
When injected with Tj'^pe VIII strains the rabbits rarely produce 
agglutinins for Tjqje III. On this account, differentiation of Types 
III and VIII should be done vdth rabbit serum tested to contain 
only agglutinins for one type. Agglutination may not run parallel 
with “swelling” reaction. Serum which causes good “swelling” 
reaction should be used for the Neufeld test. All our cases of 
Types III and VIII for the past 2 years have been checked by 
Neufeld “swelling” reaction, using specific rabbit serum, a method 
of differentiating these two types introduced into our laboratory 
by our bacteriologist, Clare Wilcox. Finland and Winkler'^ found 
agglutinins for the related type in patients recovering from infections 
with Type III and Type VIII, a finding we have had an opportimity 
to confirm. Occasionally both types of pneumococci have been 
found in the same sputum. 

Errors in diagnosis of pneumococcus type can be prevented by 
checking, with rabbit serum, for the ‘Welling” reaction, all pneu- 
mococci recovered from sputum or cultures of patients or mouse 
blood. In our earlier work we temporarily mistj^ed 2 of 15 cases 
as Type III. 

Chain Formation. Pneumococcus Type VIII has the tendency to 
occur in chains in broth cultures of the blood of mice, and exception- 
ally in that of patients. Chaining is usually associated with a less 
severe disease as if the virulence of the organisms were diminished.^® 
When found in the blood of patients chain formation should not 
be relied on either to foretell recovery or as a reason for omitting 
serum treatment because the agglutinins which produce it may 
disappear. The occurrence of chain formation and the fate of 
patients in whom the pneumococcus occurred in chains is shown in 
Table 1. 
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Table 1. — Character of Disease in Pneumococcus Pneumonia Type VIII 
(Cooper). Cases VTth Organisms in Chain Formation, 1928 to 1933. 

Recovered from 


blouse 



Character 

lieart 

Lunc 

Blood 

of 

culture. 

suction. 

culture. 

disease. 

+ 



Moderate 




Moderate 




Moderate 

+ 


+ 

(I day onJj') 

Moderate 

Moderate 

+ 

+ 

+ — 

(1st) (2d) 

Severe 

•Severe 

Fatal 

-L 

+ 


Fatal 


(Not in P.M. pericardial fluid) 

Moderate, 5 cases; severe, 2 cases; fatal, 2 cases. + = organisms in chains. 
— = blood culture sterile. 


The Disease as Seen in Man. There are as yet no physical cri- 
teria by means of vhich one can postulate with great probability 
that a patient who is suffering from pneumonia is infected with 
Pneumococcus T.ipe VIII. 

himsion. In our cases the onset occurred with a head or chest 
cold in 23% of the cases, vith a chill or chilly sensations in 75% 
and vdth pain in the chest in 89%. These symptoms were not 
especially severe (Table 2). 

We have observed that Type VIII pneumonia patients do not, 
as a rule, appear very acutely ill at first. Clinicians with sufficient 
experience might well question a report of Type III from a patient 
who is not severely prostrated and request verification of the type 
from additional studies and fresh specimens of sputum. 

Rating. In our seridce, cases are rated for severity in accordance 
with a system already published. The rating is given on admission 
and is significant in expressing the condition of the patient before 
therapeutic measures are applied. The characterization of the 
course, on the contrary, is intended to be an appraisal of severity, 
made after termination of the disease. Severe cases were fatal, 
or for some time had a temperature above 103.6° F. or pulse above 
120 and other menacing symptoms. Thej’ had ratings below .50 at 
some time, hloderate cases never received rating below 50. J\lild 
cases are those whose rating was never below 70. The relative 
frequency of severe, mild and moderate cases in Tjqies VIII and III, 
and the mortality in severe cases, are contrasted in Graph 2. Among 
the Tj-pe III pneumonias there were more severe cases (42%) than 
there were among the Tjqie VIII pneumonias (26%). IMore mild 
cases occurred among the Tj-pe VIII cases (47 %) than among those 
due to T^-pe III (15%). The severe cases were more numerous 
among the T}-pe III pneumonias (42%) than among those caused 
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by Pneumococcus Type VIII (15%). Many more of the severe 
Type III cases (78%) died than the severe Type VIII cases (45%). 
Temperature always below 102° F. was observed in 5% of the 
TjT)e VIII cases, and pulse below 110 was observed in 11%. 


Table 2. — Occorbence of Symptoms and Effect on Outcome Among 122 Adult 
Pneumococcus Pneumonias Tyte VIII (Cooper) of Whom 
lOG Recovered and 16 Died. 



All C.IBCS 
with 

symptom. 

Per cent of 
total fl22) 
cases. 

Fatal 

casoa 

with 

symptom. 

Per cent 
occurrence of 
symptom in 
all fatal (16) 
oases. 

Per cent 
fatality 
among cases 
with 

sjTnptom. 

Onset: 






Preceded by cold in head 






or chest .... 

28 

23.0 

2 

12.5 

7.1 

Chill at onset 

92 

75.4 

11 

68.8 

12.0 

Pain in chest 

109 

89.3 

15 

93.8 

13.7 

Course: 






Temperature always be- 






low 102° F. . . . 

7 

5.7 

0 



Pulse always below 110 . 

14 

11.4 

1 

6.3 


Sytnptoms: 






Cyanosis 

52 

42.6 

10 

62.5 

19.2 

Anoxemia (requiring O 2 ) 

49 

40.2 

13 

81.3 

26.6 

Headache .... 

67 

54.9 

7 

43.8 

10.4 

Apathy 

23 

18.9 

3 

18.8 

13.0 

Irritability .... 

7 

5.7 

3 

18.8 

V 42.9 

Sleeplessness .... 

39 

32.0 

5 

31.3 

12.8 

Delirium 

18 

14.8 

8 

50.0 

44.4 . 

Sedatives* .... 

83 

68.0 

12 

75.0 

14.5 

Hiccough .... 

2 

1.6 

0 



Herpes 

3 

2.5 




Vomiting 

25 

20.5 

3 

18.8 

12.0 

Diarrhea 

1 

0.8 

1 

6.3 

100.0 

Distention .... 

48 

39.3 

12 

75.0 

25.0 

Icterus 

2 

1.6 

0 



Pulmonary edema . 

5 

4.1 

5 

31.3 

100.0 

Dehydration .... 

5 

4.1 

3 

18.8 

60.0 

Kahn positivet 

28 

54.9 

3 

100.0 

10.7 


* Sedatives because of pain, sleeplessness or delirium. 

t Only 51 cases out of 122 cases were studied for Kahn, of whom 48 recovered 
and 3 died. 


Other symptoms are listed in Table 2. Diarrhea, pulmonary 
edema and dehydration are seen to be of serious omen. Apparently 
the occurrence of a positive Kahn reaction was unimportant. It 
is significant that 40 % of the Type VIII bacteremias occurred in 
mild and moderate cases. The recovery of a patient whose blood 
was invaded by Pneumococcus Type III was extremely rare. 

Termination. Among the 106 cases who recovered, 32 (30.1%) 
terminated bji crisis and 74 (69.8%) ended by lysis. 

Physical Signs. The physical signs may be quite classic and 
well defined, involving an entire lobe. On the other hand there are 
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many more cases in whicli an entire lobe is not consolidated or the 
consolidation becomes manifest more slowly. There may be only 
' slight dullness, or breathing is distant and the tubular characters 
not pronounced. 

Roentgen Ray. The radiographs of Type YIII pneumonias fre- 
quently show involvement of part of a lobe and are less radiopaque 
than in pneumonias due to types with more dense consolidations, 
such as Type III. Type III has a tendency, not seen in Tj^pe VIII, 
for the pneumonia to migrate from lobe to lobe. 



Gbaph 2. — Comparison of Types III and VIII (Cooper) . Adults. Type III for 192(5- 
1932. Type VIII (Cooper) for 1928-1933. 

Sputum. Bloody or rusty sputum is encountered in pneumonia 
cases produced by Pneumococcus Type VIII. It is our experience 
that frank blood in the sputum occurs most frequently in pulmonary 
' tuberculosis, but hemoptyses, indistinguishable from those encoun- 
tered in tuberculosis, are seen in pneumonia. In the presence of 
consolidation and hemoptysis we must suspect, in addition to pul- 
monary tuberculosis, pneumonia due to either B. Priedlander or 
Pneumococcus Type III or Type VIII. Pneumonia due to B. 
Priedlander is relatively infrequent 1%, whereas pneumococcus 
pneumonia due to Type VIII or Type III, in the period from 1928 to 
1934, constituted 22.2% of all our pneumococcus pneumonias. The 
frequency of the occurrence of different lands of sputum in pneu- 
monia due to Pneumococcus Type "^TII and to Pneumococcus 
Tj'pe III may be compared. Busty or bloody sputum occurred in 
both t 5 ^pes in over 40% of cases but was associated vdth a fatal 
outcome in Tjqie VIII cases much less frequently than. in the case 



Geaph 3.— Day of termination and outcome. Pneumococcus pneumonias Type VIII (Cooper). 122 adults, 

11 chUdren: 1928-1933. 





Graph 4. — Relative distribution and mortality of pneumonias due to pneumococcus 
Type III and to pneumococcus Type VIII by decades. The cases in brackets with 
percentages were fatal. 
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of Tj'pe III. Suppression of sputum was of much graver significance 
in pneumonias due to Pneumococcus Type III than in pneumonias 
due to Pneumococcus Type ^TII. ■ 

Pleurisy . Pleurisy occurred in 26.2% of cases (Table 3). Empy- 
ema supervened in 3 instances, 2.4%. The table also gives the 
relation to transthoracic aspiration of lung juice (lung suction) for 
diagnosis of type, to pleurisy. This procedure does not seem to 
have caused pleurisy or empyema, or to be associated with increased 
mortality. 

Table .3.— Pleurisy Study op 122 Cases in Adults in Relation to Lung Suction. 

Incidence of Pleurisy, 2G.2 Per Cent; Incidence op 
Empyema, 2.4 Per Cent (3 Cases). 

Cases. Deaths. 

Pleurisy -nTtbout lung suction 15 1 

Pleurisy before lung suction 16 0 

Pleurisy after lung suction 1 0 

Total 32 

Bacteremia. One of the features of pneumonia which seems to be 
characteristic of each type is the frequency and severity of bac- 
teremia.® Graph 8 shows the relatively low bacteremic incidence 
of Tj'pe III cases (12%) as contrasted with Type VIII (20%). 
In the non-serum cases the bacteremic mortality for Tj^pe VIII is 
42%, and for Tj^pe III 100%. (The statistics for Type III include 
cases collected since 1926 and for Type VIII since 1928. Checks 
of the Sabin typing by Neufeld technique have been done for about 
18 months. It is not probable that the percentages are greatly in 
error, as since 1928 the typings were checked by the appearance 
of the organisms in smears and in many cases by agglutination to 
titer in Type VIII antiserum in Miss Cooper’s laboratory.) 

The importance of bacteremia is shown when we consider the 
mortality experience from this angle. Among 16 fatal cases 9 had 
a bacteremia (56.2%) and among 106 who recovered there were 
only 18 with bacteremia (17%). 

The degree of bacteremia, with the outcome, is given in Tables 4 
and 5 for serum treated and non-serum treated cases. In the non- 
serum treated cases the occurrence of few organisms, as indicated- 
by their recovery only in the broth cultures, was less fatal than when 
they were numerous on the plates. Two cases sterilized their blood 
though infected to the extent of 30 colonies or more per cc. 

Duration of Cases. Graph 3 shows the duration of cases with and 
without serum. It will be seen that even without serum the most 
frequent day for termination was the eighth, and that more cases 
terminated on or before than after that day. With serum the 
termination was usually sooner than the eighth day. The days of 
sermn administration are given in Table 6. 

Agghiiinafion Study. The day agglutination was performed and 
the result- (stained slide agglutination technique) is given for serum 



Table 4. — Bacteiiemia Amoxg 17 Nox-sebum Treated Cases. 
Blood Ixvasiox axd Odtcome. 


Sex. 

Age. 

Year. 

Hist. 

No. 

i 

Out-' 






Day of disease. 

come.' 

1 

2 

3. 1 4. 

5. 

6. 

i 

8. 

9. 

10. 

11. 

12. 

|13. 

14. 

15. 

16. 

17. 

18. 

M. 

49 

1932 

2750 

R. i .. 

Br ' . : . . 















M. 

42 

1930 

4721 

R. i .. 


Br 1 .. 
















M. 

30 

1930 

0307 

R. ; .. 

1 





















0 
















M. 

42 

1930 5S74 

R. .. 


.. ' 1 


Br 



















1 0 















hi. 

32 

1031 

13615 

R. ! .. 

.. 

.. i .. 




Ch 


















I 




Br 











F. 

18 

1928 

4113 

R. .. 



.. 


Br 

Br 











F. 

51 

1931 

12305 

D. 1 .. 

.. 

Br 1 Br 

D. 














M. 

30 

1931 

13107 

D. 1 .. 






PM 

















1 




Br 

















I 




D. 











M. 

50 

1931 

17207 

D. .. 

.. 



— 

... 

— 

— 

— 

— 



PM 





















Br 





















D. 





M. 

23 

1928 

3S1S 

D. . 



1 



— 


















7 



n. 











M. 

30 

1933 

30586 

D. : 


20' .. 

1.50 

50 

2 

Br 

Br 









, » 







28 

152 

46 

0 












F. 

32 

1929 

4329 

R. ‘ 

46 

11, 8 

Br 



















30 

17 4 















M. 

43 

1933 

30341 

R. . 



12 

33 

Br 


Br 

2 

7 

7 

4 

3 

Br 


— 

— 








15 

30 




0 

0 

8 

0 

0 





M. 

30 

192S 

3850 

R. .. 

. . 


5o 

6 

_ 



















6,5 

I 













M. 

60 

1933 

29399 

D. .. 


.. .. 




Ch 


10 

Br 





D. 









1 




2 


14 















' 




5 











M. 

54 

1932 

26997 

D. 

. 

116' D. 















M. 

38 

1932 

25548 

D, .. 

_ 

03 f 

.. Br 

35! 480 ‘ 

610 

15 

03 t 

D. 
















50'500i2R4 

5 



_ 








— = negative culture; PM = postmortem heart blood, 
• Death from Tj-pe Mil meninsitis 3 months later, 

CO t Overgrown, 

Br. = broth, Ch, = chained organism, D = died. 


Table 5. — Bacteremia Amoxg 10 Sebum-treated Cases. 
Blood Ixa'asiox and Outcome. 


Sex. 

Age. 

Year. 

Hist. 

Xo. 

. 

i Out- 
‘ come 




Day of disease. 

- 



2. 

h- 

4. 

I 5. 

1 

1 6 

1 


1 s. 

1 

9. 

|io. 

r. 

34 

1930 

3883 

R. 

Ch 

1 _ 




i 


1 

1 


1 






Br 

( s 






1 



M. 

38 

1929 

4443 

R. 


Br 

Br 

S 




[ 



M. 

46 

1932 

21818 

R. 


1 

Br 

s 




j 


! 

M. 

41 

1931 

167S3 

R. 

— 


1 

— 

s 





1 







1 

0 







i 

M. 

41 

1933 

29577 

R. 


1 . . 


Br 

s 






M. 

36 

1933 

30525 

R. 

f 

• • 

1 _ 

S 

— 

s 

Br 





M. 

39 

1933 

30912 

R. 


-■ 


25 

s 














“f 















51 







M. 

27 

1931 

14076 

R. 





* 

14 

+ 


s 













20 





M. 

32 

1932 

4609 

D. 


400 

320 














-1- 

-f" 

D. 

Men 

in git 

is 










500 

300 




j 









S 

S 

S 



; 



M. 

36 

1932 

19771 

D. 



1600 

1790 

141 

D, 

1 










1760 

1080 















S 

♦ 



- 1 

__ 


Cultures: Blood 1 cc. in broth 50 cc.; blood 1 cc. in each of two agar plates. 

S = serum given on these days. * = serum e.vhausted. Ch = chained organism. 
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and non-serum cases in Table 7. Among the fatal cases there is 
only 1 case with agglutination present. The supply of serum was 
exliausted and immunity was then lost in that case. 


Table 6.— Data op 37 Serum Treated Cases op Type Pneumonia. 


Hosp. 1 
No. j 

1 

Age. 

Rat- j 
inR. 1 

1 

1 

Day of 
illness 
treated. 

Units 

pivcn. 

1 

Keaction. 

Day 

disease 

termi* 

natod. 

Outcome. 

1 

o0912 

39 

1 

70 

5-0 

1 

40,500 { 

Twitching, spots before eyes 

6th 

Recovered 

29452 

28 

80 

4-5-0 

06,000 

None 

9 th 

a 

6742 

29 

55 

8^9 

87,200 

None 

11th 

C( 

7323 

25 

65 

9 

24,000 

Flushed (1st dose only) 

10th 

(< 

7623 

38 

80 

9-10 

60,000 

None 

12th 

(( 

13892 

25 

40 

3-4-5- 

0-7-10- 

11 

193,000 

None 

11th 


19712 

51 

60 


90,000 

Cyanosis; severe chill: ele- 
vation of temp, to 107° 

11th 

a 

21585 

50 

80 

5 

20,000 

Temp., 105°; chill 

8th 

(( 

29577 

41 

57 

5-0 

35,000 

None 

10th 

n 

30525 

36 

55 

3-4-5 

38,500 

None 

13th 

n 

14076 

27 

58 

8-9-10- 

11-12- 

13 

277,800 

None 

16th 

it 

4609 

32 

65 

2-3 

92,800 

None 

4th 

Died 

19771 

36 

60 

4-5-6 

136,000 

Headache 

6th 

Died 

4443 

38 

62 

3 

16,000 

Nausea; severe chill 

3d 

Recovered 

4522 

39 

65 

2 

10,400 

Sweating; coughing; faints 
ness; chill 

2d 

« 

4660 

32 

80 

1 

8,000 

None 

5th 

C{ 

4745 

33 

78 

3-4-5 

24,000 

None 

3d 


4807 

15 

80 

7-8-9 

172,000 

None 

10 th 

(( 

3883 

34 

50 

2-3 

52,000 

None 

3d 


4723 

47 

85 

2 

29,600 

None 

2d 


5315 

28 

70 

5-6 

58,200 

Urticarial eruption, itching, 
pain in joints of hands, 
serum sickness 

6th 


6642 

41 

35 

2-3-4- 

5-6-7 

235,360 

None 

6th 


12956 

28 

75 

5-6 

78,000 

None 

6th 

“ 

15460 

22 

90 

4 

8,000 

Severe chill 2 hours later 

4th 


15880 

38 

70 

3-5-6 

105,000 

Chill after last dose 

7th 


16783 

41 

50 

4-5 

24,000 

None 

6th 

** 

21818 

46 

85 

3-^ 

64,800 

None 

4th 

{< 

22386 

43 

85 

4 

4,000 

Severe chill 

4th 

n 

24042 

36 


8-9 

36,000 

None 

9th 


26288 

27 

60 

6-7-8-9 

164,000 

None 

15th 

(( 

26132 

25 

75 

4-5-6-7 

40,400 

Vomiting, chilly sensation, 
profuse sweating 

7th 

(( 

27179 

13 

90 

5 

12,000 

None 

6th 

(< 

28845 

23 

85 

2-3-4 

25,000 

Severe chill, iierspiration 

4th 

(( 

28842 

40 

85 

3Hi 

20,000 

None 

5tli 

« » 

16387 

26 

75 

5-6 

23,000 

Skin rash 

6th 

n 

29648 

32 

65 

6-7 

18,000 

Slight chill 

7th 

it 

30863 

13 

70 

5 

12,500 

Chill 

5th 

ft 


All serum was administered intravenously. 
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Complications and Associated Diseases (Table 7). There were 
3 cases of empyema due to Pneumococcus Type VIII; 2 recovered. 
One of these cases returned 3 months after discharge (after this 


Table 7. — Agglutination Study op Pneumococcus Pneumonia Type VIII 

(Cooper) in Adults. 


Scrum. Non-scrum. 



Recov. 

Rccov. 

Fatal 

Fatal 

, Total 

Recov 

Rccov 

Fatal 

Fatal 

Tot.-il 


cases 

cases 

cases 

, cases 

1 cases 

cases 

cases 

cases 

cases 

cases ^ 


j agt -f- 

agt. — 

agt. -h agt. — 

studied. 

agt. -I 

agt. - 

agt.-t- 

agt.- 

studied. 

Cases studied 

Day of illness: 

. ; 19 

S 

1 

1 

29 

11 

22 

0 

3 

i 36 

1 

1st .... 

• 


1 



; 

2d ... . 


3 

1 



1 

3d ... . 

3 

3 

1 

• 


1 


( . 

4th .... 

. i 3 

0 

1 1 . . 

4 

3 


1 


6th .... 

. 1 8 

4 ! . . 

1 1 .. 

1 

2 1 


6th 

. ‘ 6 


1 1 .. 

1 

10 

, ^ 2 


7th . . . . 


5 . . 

1 


13 

■ . . 1 1 


8th . . . . 

. ' 6 

3 .. 

J 

1 

8 

, i 1 


9th . . . . 

4 

6 



2 

11 

.. 1 2 


10th .... 

6 

3 





8 

* 

. . *-» 


11th .... 

. 1 4 

1 1 .. 



2 

5 




12th .... 

. 1 1 

2 1 . . 


1 

7 




13th .... 

2 

4 j . . 



1 

7 


1 

14th . . . . 

■ , 1 

1 



2 

2 


' 

15th . ' . . . 

. 1 . . 

4 1 .. 



1 

1 


1 

16th .... 

• 1 1 

4 ; . . 



1 

1 


1 

17th .... 


2 




1 

1 




18th .... 

1 

2 




1 

2 




19th .... 

. 1 . . 

2 









20th .... 

• i 1 

1 





1 


1 


21st .... 











22d ... ■ 


1 





3 


1 


23d ... . 

. , 1 






1 




24th .... 

. ! 1 






2 


1 

25th .... 







2 


1 

26th .... 


1 




1 

1 


1 

27th .... 

* 1 ' ' 

1 




1 



1 

28th .... 


1 








29th . . 

■ 1 









30th .... 

■ 1 •• 






1 


, 

31st .... 










32d . . . . 

. 1 1 






1 



33d ... ■ 

. ' 









34th .... 

• , 1 





■ 1 

1 



35th .... 











36th .... 











37th . . . ■ 











38th . . . ■ 











39th . • • 1 

Determinations (days) 1 59 

1 

1 

60 

1 

3 

123 

21 

95 

0 

11 

127 


series was collected) and died of a meningitis due to Pneumococcus 
Tj'pe VIII. A fatal empyema case occm-red in a patient with tuber- 
culosis. It is our impression that Pneumococcus Type VIII is 
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more frequently encountered in the sputum of patients with pul- ■ 
monaiy tuberculosis than pneumococci of other types. 

Albuminuria. Only 4 patients showed marked albuminuria; 
they all recovered and the albuminuria disappeared. 

Age and Sex Bmirihuiion and Mortality. Graph 4 presents the 
frequency of occurrence of pneirmonias due to Types III and VIII, 
and the outcome in bacteremic and non-bacteremic cases divided 
into decades. It is readily seen that most of the cases of both types 
occurred before the fortieth year. In this graph the mortality of 
bacteremic and non-bacteremic cases is indicated. In Graph 5 the 



Ghaph 6 . — Relative mortality rate of pneumococcus pneumonias Type III and 
Type VIII, according to age. Type III for 1926-1932. Type VIII for 1928-1933. 

mortality is considered separately by decades for these two types. 
The standard error of observation is indicated by the bayonet. 
There is a much greater mortality in Type III than in Tjqie VIII 
except in the seventh decade, where they are equal. Type III 
steadily increases in fatality with a slight fall in the seventh decade. 
Type VIII continued relatively low through five decades and then 
increased rapidly in the sixth and seventh. 

The^ sex distribution is given in Graph 6. It will be seen that 
there^ is no marked selection of older females in either type and 
certainly the older females are not selected by Pneumococcus Type 
III as opposed to Pneumococcus Tjqie VIII, as found by Blake^® 
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' and by Finland and Sutliff.” Males predominate in both types at 
almost all ages. This is true of many types. 

The mortality in the two types by sex is given in Graph 7. In 
this graph only the non-serum cases were considered so as to have 
an uninfluenced death rate for comparison. In all decades the 
female mortality for TjTie III is higher than the male. Only in 
the third decade are the cases sufficiently numerous and the differ- 
ence in percentage significant. 


TYPE 3~ALl CASES 



Graph 6.— Relative occurrence in sexes by Age. Pneumococcus pneumonias. 

Type HI for 1926-1932; Type VIII (Cooper) for 1928-1933, all cases. 

Our experience does not coincide with that of Blake or of Finland 
and Sutliff that older females are the chief -suctims of Type III. 
In the Type VIII cases the preponderance of female deaths does 
not occur. Though there are more deaths among women the error 
in the sampling is too large for the difference to be significant at 
this time. 

Graph 8 shows, for the non-serum cases from 1928 to 1933, 
that the bacteremic mortality is less in Type VIII_ (40_%) than in 
Type III (100%), and the non-bacteremic mortality is also less, 
10% in Type VIII and 21 % in Type III, The results are reflected 
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□ 


TYPE mi 


Grafh 8. Incidence of bacteremia and fatality. Pneumococcus pneumonias, Type 
III and Type VIII ‘(Cooper). Non-serum cases, 1928-1933. 
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in the total ‘mortality (bacteremic and non-bacteremic) which are 
almost tvace as great in Tj^ie III as in Type VIII— 30 and 16% 
respectively. 

It is significant and fortunate that though bacteremic incidence 
of Pneumococcus Tj^e VIII is much larger than in Pneumococcus 
TjTie III, the mortality is much lower in bacteremic Type VIII 
cases. 

Therapeutic Serum. The development and use of serum for 
Pneumococcus Tj^pe VIII pneumonia has been reported elsewhere.^^ 
The details of the treatment, including day of illness on which 
treatment was given, the rating, method, day of termination and 
outcome, are given in Table 7. The effect of serum treatment on 
mortality is given in the table. The effect in shortening the disease 
is shovm both in Graph 3 and in Table 7. In severe cases the sav- 
ing of lives was striking. There were 12 cases vlth 2 deaths (16%) 
in the serum group, and 21 cases with 14 deaths (61.9%) in the 
non-serum group. There were 6 -bacteremic cases with 2 deaths 
(33.3%) which received serum, and 10 cases vath 7 deaths (70%) 
among the non-serum cases. 

Children. Pneumococcus Ta^ic VIII is not a frequent invader 
of children and description of the tjqie of pneumonia it causes must 
await further observations. 

We haA’’e selected several case histories which exemplify the 
character of the disease. 

Case Abstracts. A Moderate Case. H. C., a man, aged 61, was admitted 
to the hospital on the second day. He was rated at 65. He was icteric, 
with phj'sical signs and Roentgen ray confirmation of the consolidation of 
the right upper lobe. His temperature and pulse were normal on the 
morning of the 4th day. There was considerable albumin in his urine. 
Case 1. 

A Fatal Case. B. W., a man, aged 50, was admitted on the 4th day of 
his disease with a temperature of 103° F. and a pulse of 122. His respira- 
tions were 36. He was admitted to the oxygen chamber because of cyanosis 
and dyspnea on the 5th day. His blood count was 3100; neutrophils, 2480 
and Ijonphocytes, 620. He continued severely iU and developed pulmonary 
edema on the 9th day of the disease. On the 10th day a lung suction gave 
Pnemnococcus T 3 TDe VIH. On the 13th day he died with pulmonary 
edema. His blood count W'as 6900; neutrophils, 5200 and lymphocytes, 
1600. Case 2. 

Spontaneous Pneumothorax Associated With Tttbercidosis and Pneumo- 
coccus Type VIII Pneumonia. Another patient is S. W., who was admitted 
with a temperature of 105° F., pulse, 128 and respirations, 46. He had 
the signs of a pnemnonia and a left pneumothorax. His white blood cell 
count was 25,000; neutrophils, 23,250 and ijnnphocytes, 1750. On the 
3d day we recovered Pneumococcus Type VIII from the mouse heart inoc- 
ulated with his sputum on the 5th day. On the 4th day the chest fluid was 
sterile. Tubercle bacilli were recovered in the sputum. Roentgen ray 
revealed a large pneumothorax with five cavities in the upper portion of 
the left lung, with fluid at the base and a fibrotic tuberculosis invohdng 
the right apex. On the 14th day there was pus in the left chest, which con- 
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tained Pneumococcus I^pe VIII. On the 27th day liis condition was so 
poor that he required a transfusion; 16 days later he died. A thoracotomy 
had been performed. Case 3. 



Case 1. — Fever chart of H. C.; Pneumonia due to pneumococcus Type VTII 
Moderately severe. Temperature normal on fourth day. 



Case 2. Fever ehart of B. W.: Fatal case of pneumonia due to pneumococcus 

Type VIII. 


Bronchopneumonia. An infant aged 9 months was admitted 
mo fto Temperature fluctuated between 

^ i Mrmal until the 14th day. On that day the temperature 

ro^ to 106.2 P. and the baby died. On the 13th day the temperature 
naa been normal. On the day of admission a pharyngeal culture was 
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made. The mouse inoculated revealed a Type VIII in its heart’s blood. 
The. postmortem lung suction and heart’s blood of the patient contained 
numerous pneumococci Type VIII. The autopsy revealed a lobular pneu- 
monia and a unilateral fibrinous pleurisy. This case e.vemplifies the occur- 
rence of partial immunity which is later lost. This seems to be frequent 
in invasions by this pneumococcus. Case 4. 



Case 4. — Fever chart of infant with bronchopneumonia due to pneumococcus 

Type VIII. 
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Late Co 7 nplication. A non-serum case cleared his blood stream, had an 
empyema, operation and was discharged as cured. Three months later he 
returned with a pneumococcus Type VIII meningitis, and died. Case 5. 


Table 8.— Complications and Associated Diseases Among 122 Adult Cases. 


Complication or associated disease. 

No. 

of 

caacB. 

Bacteriology and reniarks. 

Outcome. 

Recov- 

ered. 

Died. 

Empyema 

4 

1 hem. strep, after Type II (sec- 

1 


(No lung suction on these 


ondayj’- infection) 



cases) 


3 pneumococcus Type VIII* 

2 

1 

Meningitis 

1 

Pneumococcus Type VIII 


1 

Otitis media 

1 

Not due to pneumococcus Type 

1 




VIII 



Nephritis 

4 

Marked albuminuria 

4 


Epilepsy 

1 


1 


Emphysema 

1 


1 


Paget’s disease 

1 


1 


Miscarriage 

1 


1 


Alcoholism 

1 


1 


Delirium tremens (alcoholic) 

1 


1 


Obesity 

1 


1 


Small fibrotic tuberculous lesion 





in right intraclavicular region 

1 

Tubercle bacilli not found in 

1 




sputum 




* The 2 casus who recovered were operated; the fatal case was operated, had 
a spontaneous pneumothorax with a tuberculosis, and had positive sputum. 


Summary. Based on 122 cases in adults and 11 cases in children, 
a rough sketch of the disease produced by Pneumococcus Type VIII 
is given. It is usually of less severity than the disease produced 
by some of the other pneumococci. It is much less serious than 
pneumonia due to Pneumococcus Type III. The organism invades 
the blood more frequently than does Pneumococcus Type III, but 
with a much smaller mortality. It produces bloodj'^ sputum fre- 
quently. Occasionally it may be associated with pulmonary tuber- 
culosis. It is treacherous, invading the meninges or the blood 
stream after apparent subsidence of symptoms. This may be due 
to the development of a focus which subsequently ruptures and 
releases virulent organisms. When organisms recovered from the 
sputum occur in chains the cases are, on the average, less severe. 
When in cultures of subsequent sputa or blood the chaining dis- 
appears, the organisms are virulent or resistance has been lost. 
The organisms do not invade the older age groups with especial 
frequency. The age distribution is similar, in our experience, to 
that of Type III, except that the latter is more frequent in children. 
Agglutinins are formed and can be readily transferred in therapeutic 
serum. When demonstrable agglutinins 'do not develop the patients 
are less apt to recover. 
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The flagellated protozoon Giardia intestinalis was first observed 
and vividly described by Leeuwenhoek.^ In the course of subse- 
quent studies it has been variously named Cercomonas mtestinalis 
(LambP), Dimorphus muris (Grassi^-^) Megastoma entcricurti 
(Grassi'*-^), Giardia (Kunstler®), Lamblia (Blanchard^, and Lamhlia 
duodenalis (Stiles*). Kofoid and Christiansen* consider the terminol- 
ogy Giardia lamblia correct, but Lambl’s original specific name 
intestinalis persists, and the organism is most frequently referred 
to as Lamblia or Giardia intestinalis. 
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The pathogenic role of this parasite is still in dispute. Experi- 
mental data are meager, and autopsy reports almost non-existent. 
The following case, therefore seems worthy of report, particularly 
since the infestation was associated with chronic inflammation of 
the gastro-intestinal tract and since, at autopsy, the gall bladder 
was found to be teeming with the invading organisms. 

Case Report. J. S., No. 9391, a 57-year-old blacksmith and farmer, 
was admitted November 15, 1931, for the relief of diarrhea. No other 
member of his large famib’’ was similarly affected. With minor exceptions, 
his past health had been good. He had never had skin lesions of any kind, 
nor had liis tongue been sore. His teeth had been in poor condition for 
many years. He had long had a tendency to constipation. There had 
been no clay-colored or tarrj'- stools. Nycturia (2 or 3 times a night) had 
been present for many years. 

His digestive complaints had begun 16 years previously, with intense 
burning and sense of fullness in the epigastrium with occasional nausea 
and vomiting from 10 to 30 minutes after eating. The vomitus is said to 
have contained undigested food and dark brown blood . At first these symp- 
toms were all relieved by alkalin drugs, but more recently such medication 
was not effective. Heavy foods such as meats and vegetables made his 
symptoms worse, and he consequentlj’- had limited his diet to soups, eggs, 
and milk. 

Five years before admission his symptoms became so severe that he had 
to give up his work as a blacksmith, and since that time he had done no 
hard labor. During the 2 years before admission there was a rapid increase 
in severity of the symptoms, with loss of weight and weakness so marked 
as to cause occasional fainting spells. For 14 months preceding hospitaliza- 
tion he had been able to retain only the smallest amounts of liquid food 
and eggs. ' 

Five days before admission a profuse diarrhea set in, with 10 or 15 dark, 
liquid stools a day, and he became so weak that hospitalization was imper- 
ative. 

Physical Examination on Admission. Temperature 37° C., pulse 98, 
respirations 16, blood pressure 130/95. He was in no acute distress, but 
appeared tired and chronically ill. The skin was rather dry; the mucous 
membranes were of good color. There was no generalized lymph node 
enlargement. Hearing was somewhat impaired, bilaterally. Eyes: There 
was marked impairment of vision, slight anisocoria, and almost no pupillary 
response to light. Ophthalmoscopic examination showed marked tliinning 
and increased light streak of the retinal arterioles, normal cupping of the 
disks, and no retinal exudates or hemorrhages. Month: Teeth were in 
very bad condition, with several extractions, considerable caries, and 
marked pyorrhea. The ton^e was slightly reddened around the edges only. 
Neck showed no abnormafities. Except for a few rflles over the larger 
bronchi in the right interscapular region the lungs were normal. The heart 
was not enlarged to percussion; the heart sounds at all areas were very 
distant and were of poor muscular quality at the apex; the second aortic 
sound was somewhat increased. The abdomen was diffusely rigid; no 
masses could be felt; lower abdominal scars were present, the result of 
previous herniorraphy. The genitalia were normal. Rectal examination 
seemed to cause considerable pain although there were only a few hemor- 
rhoidal tags to account for it; the prostate was slightly enlarged but con- 
tamed no masses and was not indurated; there were no abnormal masses 
m the rectum. The reflexes and neurologic examination were normal. 

Accessory Examinations. Red blood count 4,250,000; hemoglobin 
14 gm.% (Sahli); white blood count 19,550; neutrophils 75%; small Ijmi- 
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phocytes 12%; large lymphocytes 9%; monocytes 4%. The urine was 
entirely normal. The blood Wassermann reaction was negative. Blood 
chemistry examinations showed a carbon dioxid combining power of 53.2 
volumes %; non-protein nitrogen 47 mg.%; sodium chlorid 386 mg.%. 

Repeated bacteriologic study of blood and stools showed no abnormal 
findings. 

Roentgen-ray examination of the gastro-intestinal tract revealed nothing 
unusual in the stomach or duodenum. The colon had practically emptied 
24 hours after the barium meal. Barium enema revealed very marked 
spasm of the lower descending and sigmoid colon, but the barium passed 
readily into the other parts of the colon. The cecum was rather small and 
easily movable. There was loss of the haustral bands distal to the splenic 
flexure. The roentgenologist was of the opinion that the evidence favored 
some form of colitis that had been present long enough to produce thicken- 
ing of the colon wall and that was causing considerable spasm at the time 
of examination. 

Analysis of the gastric contents showed many red blood cells and a positive 
guaiac reaction but no undigested food, Boas-Oppler bacilli, or other evi- 
dence of gastric retention. There was no free hydrocliloric acid in the 
stomach contents even after histamin stimulation. ' 

The vomitus, examined thrice, consisted of clear liquid and food particles, 
■without gross, microscopic, or chemical evidence of blood. On one occasion 
it was swarming with actively motile Giardice. 

The stools, which were examined frequently, were liquid, broAvn, and 
bloody, with a moderate amount of mucus. Microscopic examination 
showed many red blood cells, and the guaiac and benzidin tests were strongly 
positive. On the third day after admission, many motile Giardim were 
observed; afterward, only'encysted forms were found in the stools. 

Course in the Hospital. For the first 6 days, the temperature remained 
normal, although there was an occasional tachycardia. During this time, 
the patient had from 5 to 7 stools a day. His appetite was poor, and he 
vomited several times daily. On the 7th day, he became much worse. 
His diarrhea increased, his temperature rose to 38.6° C., and he appeared 
much weaker. He refused food and fluid; glucose and saline had to be 
administered parenterally. All attempts to check the diarrhea, including 
large doses of opiates and calcium, were futile. In view of the presence of 
Giardice in the intestinal contents, one dose of neoarsphenamin (0.45 gm.) 
was administered, without apparent effect. 

From this time on, his course was rapidly downward. His diarrhea 
increased to as many as 20 stools a day, his appetite failed entirely and he 
became so weak as to be almost helpless. In spite of all treatment he died 
on the 12th day after admission. 

Autopsy (71 hours after death). The salient features were as follows: 
The body was that of a well-developed and moderately well-nourished white 
male. The visceral and parietal pleurce of both lungs were bound together 
by old fibrous adhesions, which were more diffuse over the left lung. Both 
lungs contained a small amount of fluid and areas of thickening of the inter- 
stitial tissue. The liver weighed 1825 gm. Its external surface was smooth. 

It contained a tumor, 1.5 cm. in diameter, which was made up of many 
small bloodvessels. The liver also contained a large amount of fat, which, 
liowever, was not distributed in any characteristic pattern. There was an 
increase in the number of mononuclear cells about many of the portal 
canals. 

The gall Madder was normal in size, and contained a brownish-black, 
mucoid secretion. Some of this secretion, before the gall bladder was 
opened was found to be teeming -s^dth Giardice, most of which were in the 
vegetative stage. The wall of the gall bladder was partially autolyzed, 
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Fig. 2. — Photomicrograph of a part of the colon near one of the ulcers shown in Fig. 1. 
The inflammatory reaction is pronounced in the submucosa. 
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and a few mononuclear cells could be seen in portions of the wall. How- 
ever, no Giardice could be demonstrated in section. The bile ducts were 
patent and normal. 

The spleen weighed 225 gm. and was relatively soft, resembling a mild 
acute splerdc tumor. 

The lesions of greatest interest were found in the intestinal tract. The 
limien of the distal half of the transverse colon and of the descending and 
sigmoid colon was dilated. The entire tract showed evidence of a chronic 
inflammator}’^ process in the mucosa and part of the submucosa, these 
changes being most pronounced in the colon. The mucosa of the colon was 
atrophied in some areas, while in other areas there were superficial ulcers, 
some in small clusters, others distributed in a line along one of the tsenice 
coli. The margins of these ulcers were ragged and hemorrhagic and the 
bases slightly necrotic. The largest ulcer, Avhich was located 8 cm. from 
the anal margin, measured 6 or 8 mm. in diameter and extended down 
into the muscularis. In addition to the ulcerated areas in the colon, por- 
tions of the mucosa were covered by a diphtheritic membrane. In the 
ulcerated areas there were many Gram-positive and Gram-negative bac- 
teria, the predominating organism being a Gram-positive, elongated 
diplococcus. No Gfardfffi were found. 

Discussion. Pathogenicity. The question of whether or not 
Giardia is pathogenic for man is still undecided, opinion being about 
equally divided. Wenyon,“ Fantham and Porter,^ Lyon and 
Swalm/2 Smithies, and HeubneP^ are of the opinion that it may 
cause clinical symptoms; but Boeck’® takes the position that the 
arguments so far presented are not conclusive. 

Experimental observations are few, but in the main, as for 
example in the work of Deschiens*® and of Fantham and Porter,^^ 
the evidence seems in favor of their being truly pathogenic, although 
Boeck^® points out pertinent objections to certain of the experiments. 

Autopsy reports likewise fail to solve the problem, because 
infestation with this organism is apparently rarely fatal. We have 
been able to find only one autopsy report on tliis subject, that of 
Fairise and Jannin.^^ The cUnical history was that of chronically 
recurring diarrhea. Necropsy showed numerous discrete and con- 
fluent, fungating ulcers in the cecum, ascending colon, and, to a less 
extent, the descending colon. These authors also made the signifi- 
cant observation that Giardia is not only a surface parasite but may 
penetrate even to the subserosal coat. They conclude that the 
organism is pathogenic. 

The evidence in our case is by no means conclusive, for Giardice 
could not be demonstrated in the intestinal wall even at the site 
of the ulcers. It is possible, moreover, that the patient’s grossly 
deficient diet was the primary cause of his symptonis, and that the 
parasite was merely a secondary invader in an intestinal tract 
already injured as a result of chronic avitaminosis. 

Relation to Gall Bladder Disease. Whether or not Giardia may 
give rise to chronic inflammation of the gall bladder is likewise a 
disputed point. Suspicion has been cast in its direction especially 
since the introduction of the Meltzer-Lyon method' of duodenal 



CALDER, RIGDON: GIARDIA INFESTATION 


87 


drainage. The literature contains reports of numerous cases in 
which duodenal aspirates, negative under fasting conditions, yielded 
large numbers of Giardi/E after magnesium sulphate stimulation. 
This evidence, however, is open to the possible objection, suggested 
by Boeck, that the flagellates may have been driven out of the 
glandular crjT)ts by the irritant action of magnesium sulphate.' 

More trustworthy eAudence of their invasion of the gall bladder 
has been adduced by finding the parasites at operation (1 case by 
Westphal and Georgia® and 2 cases by Smithies.^®). So far as we 
have been able to find, ours is the only case in which Giardics have 
been demonstrated postmortem in the gall bladder. 

It cannot be claimed, of course, that the mere presence of Giardm 
in the gall bladder is proof of their pathogenicity. But the fact 
that they have been found in this organ at operation and now at 
autopsy makes it fairly reasonable to assume that their demonstra- 
tion in duodenal aspirates is indicative of their presence in the gall 
bladder; and it may well be that their invasion could give rise to 
symptoms of gall bladder inflammation. Further clinical, operative, 
and autopsy observations will of course be required before their 
true significance can be determined with accuracy. 

Summary. A case is reported of a 57-year-old blacksmith who 
for 16 years had suffered from intestinal discomfort, consisting at 
first of epigastric fullness and burning, and progressing to vomiting, 
loss of weight and strength, and finally severe diarrhea. All studies 
were normal, except that the stools were teeming vdth motile 
Giardioe. These organisms were observed also in the vomitus. 

Autopsy revealed a diffuse enterocolitis with atrophy and hyper- 
emia of the mucosa of the duodenum and large intestine, and, in 
addition, numerous superficial ulcers in the colon. Giardice were 
present in the gall bladder bile removed at autopsy. 

The possible pathogenicity of this organism and its relation to 
gall bladder disease are discussed. 
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Aaiyloid disease has long been knoB-n to be associated B'ith 
chronic infection, mabgnancy and more recently with multiple 
myeloma.^ Since the latter diseases are frequently accompanied 
by disturbances in the blood protein levels, especially by an increase 
in the normal or abnormal globubns it would appear that this com- 
mon factor is involved in the formation and deposition of an abnor- 
mal protein called amyloid substance. Although other factors, 
such as disturbance of the reticulo-endothehal tissue, may also 
play a role, the experiments of Kuczynski,^ in B'hich amyloid 
disease was produced in mice simply by feeding large amounts of- 
casein, seem to show that excess of protein alone may give rise to the 
disease in certain cases. Other clinical and experimental studies 
have shown that the blood proteins may be increased by a high 
protein diet. Our own experiments to be published elsewhere 
support the idea that amyloid disease frequently folloB S long periods 
of h^-perglobulinemia. Four rabbits were given approximately 96 
intramuscular injections of sodium caseinate over a period of 8 to 
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13 months. During this time the amount of blood globulins was 
increased from 2 to 4 times over the normal level. Each of the 
animals died from extensive amyloid disease. 

In 1899 PaltauP noted amyloidosis in horses inoculated repeatedly 
with antigens for the production of serums. Similar observations 
have been made subsequently, the most recent by Sipos^ who found 
amyloidosis in 80% of the horses used for the production of various 
serums and vaccines, and by Doerken and Arndt^ who found the 
condition in 60% of horses used for similar purposes. Amyloid 
disease has been deliberately produced in various animals by the 
repeated injection of a variety of bacterial vaccines, toxins, casein, 
egg albumin, gelatin, nuclein, zein, peptone, organ transplants, 
silicates, manganese chlorid, sulphur, selenium, turpentine and 
other substances.® The literature covering these experiments up 
to 1918 is summarized in the papers of Bailey and Hirose.® 
Langstein and Mayer" in 1904 showed that vaccines when injected 
into animals led to an increase of blood proteins, especially of the 
globulins. Similar observations were made subsequently both in 
animals and in man after the injection of a variety of substances.® 
There is evidence to suggest that the blood proteins are normally 
formed by various widespread tissue cells.® Under the abnormal 
stimulus of the disturbance which follows parenteral injection of a 
variety of substances, by infections or neoplasms, the rate of forma- 
tion is hastened, thereby increasing the amounts of blood proteins 
over the normal. It is believed that amyloid substonce may be the 
result of the deposition or precipitation in the tissue of the excess 
amounts of normal globulins^ or of new abnormal proteins' pro- 
duced under these circumstances. 

These facts supported by the discovery of amyloid substance in 
vaccinated animals, the increase of blood globulins in patients with 
amyloid disease" and by our own unpublished experiments showing 
a constant h;>q)erglobulinemia in rabbits which ultimately died from 
amyloidosis, suggest a causal relationship between conditions causing 
chronic hjqierglobulinemia and eventual amyloid disease. With 
these possibilities in mind there is reason to believe that repeated 
injections of vaccines or a variety of other substances commonly 
used for therapy in man may in some individuals be the underlying 
cause or contributing factor in the formation and deposition of 
amyloid substance. The following case report illustrates this possi- 
bility. 

Case Report. Mr. L. L., aged 28, had tjL)hoid fever at the age of 7, 
pneumonia at 9, chickenpox at 11, smallpox at 14 and dysentery at 19. 

In 1925 he noted soreness in the right arm after exercise and gradual 
stiffness of the shoulder. By 1927 the shoulder was completely ankylosed. 
In 1929 his left knee became red, swollen and tender 2 days after slight 
trauma. Following this there was gradual limitation of movement of his 
left shoulder. By February, 1931, the arthritis had progressed so that 
crutches were necessary. In March, 1931 an autogenous vaccine was made 
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from organisms said to have been recovered from the fluid aspirated from 
the knee. He was given 9 intramuscular injections during the following 3 
months. In August he w'as given an intravenous injection of streptococcus 
vaccine and was admitted to the Medical Sendee as a bed patient in Septem- 
ber. Betw’een September and March, 1932, 20 intravenous injections of 
streptococcus vaccine w'ere given at weekly intervals. There was continual 
fever ranging from 37.2° C (99° P) to 37.S° C (100° P.) during the period 
of vaccine therapj’-.^ His condition improved slightl 5 ^ On subsequent 
visits to the Out-patient Department he received 2 more vaccine injections. 
During July and August, 4 injections were given by his own physician, and 
in October he received 3 more from another physician. 

In November, 1932, blood and mucus appeared in his stool. In December, 
he vomited much of his food and was jaundiced for 2 weeks. In Januarj’’ 
there w^as repeated transient swelling of the eyelids and ankles. Eds physi- 
cian then administered 3 more injections of streptococcus vaccine intra- 
muscularly. He improved somewhat but in September, 1933, he vomited 
most of his food and drink. His temperature was said to have been sub- 
normal^ 35.6° C. (96° F.). Bloody diarrhea appeared and blood oozed 
from his nose. In October, 1933, he was readmitted to the hospital with 
the usual sigM and sjTnptoms of uremia. His blood pressure was 107/60, 
blood urea nitrogen 147 mg. per 100 cc. There was hea^"J’^ albuminuria 
and marked anemia. Amyloid disease was suspected although the liver 
and spleen were not palpable. This impression was confirmed when all of 
the 200 mg. of Congo red dissolved in distilled water and injected intra- 
venously was absorbed by the tissues in 60 minutes. The blood proteins 
totalled 4.71 gm. per cent composed of 1.29 gm. fibrinogen, 2.67 gm. globulin, 
and 0.74 gm. albumin. The patient became comatose, developed pericardial 
friction and edema of the lungs and died in November, 1933. 

Neckopst (Dr. R. W. Kouclcy); The chief relevant findings were 
marked amyloidosis of the spleen, liver, kidney and adrenals and the lesions 
of chronic arthritis. The spleen and adrenals w'ere bright pink due to 
staining of the amyloid substance by the Congo red injected intravenousb’’ 
on the preceding day. The iodin-sulphuric acid test showed large bluish 
blotches of amyloid substance in the liver, spleen, adrenals and kidne 3 's. 
Practically all of the renal glomeruli were infiltrated with amyloid sub- 
stance. The spleen and liver showed generalized amjdoid infiltration. 
Deposits of am 3 doid in the adrenals "were limited to the cortices. The right 
knee joint contained clear, slightly turbid, sterile fluid. There was h 3 q)eT- 
trophy of the s 3 mo-\dal membrane with atrophy of the cartUage on the 
femoral and tibial surfaces. Here and there were projections of bone sug- 
gesting h 3 q)ertrophic changes. Section of the adjacent bone showed 
thinning out due to atroplty. The right shoulder joint ca\dty was largely 
obliterated by bony ankylosis. No cartilage could be recognized, the whole 
area was atrophic. The bone adjacent to the joint wns thin and could be 
broken with the fingers. 

Comment. This evidently was a patient wdth chronic rheumatoid 
or infectious artliritis to whom at least 41 injections of vaccine w'ere 
given at more or less regular intervals over a period of 22 months. 
The number and spacing .of the injections corresponded generally 
to those given to animals in which am 3 doid disease developed in a 
high percentage of cases. Arndt and others noted in horses that 
amyloid substance appeared between 8 and 16^ months after tlie 
first injection of vaccine. The question was raised as to whether 
the arthi-itis itself, the vaccine therapy, or a combination of the 



VACCINE THEKAPY AS A CAUSE OF AJNmOEDOSIS 91 

two was responsible for the development of amyloidosis in the present 
case. Because of the rarity of reports^^ of amyloid disease associated 
with a disease as common as arthritis and the regularity with which 
parenteral injections of a variety of substances produces amyloidosis 
experimentally, it would seem that the long-continued vaccine 
therapy was at least an important factor if not the actual cause in 
its development. The possibility of amyloidosis as a sequela to 
parenteral shock therapy was suggested by Letterer.“ Doubroiv,*® 
in discussing a paper regarding amyloid disease in a tuberculous 
patient who had received gold injections, also suggested the possi- 
bility of a relationship between the therapy and amyloid disease. 
As far a^ we are aware, however, the case described here is the first 
reported in which evidence points strongly to prolonged vaccine 
therapy as a cause of amyloid disease. 

Although recognized amyloidosis seems to be a rare sequela of 
vaccine therapy it is important to bear the possibility of its occur- 
rence in mind and to discontinue injections upon the appearance 
of the first evidence of the disease. It is loiown that amyloid sub- 
stance produced experimentally may be resorbed if the cause is 
removed before the disease is too far advanced.^-^^ Furthermore, 
numerous recorded cases of recovery from amyloid disease^® indicate 
that the disease is not always fatal, provided the cause be removed 
in time. 

Summary. A patient suffering from chronic arthritis was given 
41 injections of vaccine over a period of 22 months. During this 
treatment amyloid disease developed and the patient died. Because 
of the rarity of the occurrence of amyloid disease in chronic arthritis 
and the frequency with which it occurs following long-continued 
.parenteral injection of numerous substances including vaccine, 
it was believed that vaccine therapy was responsible for amyloidosis 
in this case, the first that we know of to be so described. 
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Blood leukocytes are part of the vast migratory cell population 
of the body. Their increase during infection is well known. There 
are also less extreme but nevertheless definite hour to_ hour varia- 
tions, termed physiologic leukocytosis, h'lany investigators have 
correlated these variations with environmental changes, ivith various 
phases of metabolism and with psychic activity. The sources of the 
extra white blood cells also have been investigated and the pathways 
by which they are mobilized. 

* Dr. Leslie is now Resident at the New York Post-Graduate Hospital and Medical 
School. 
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The experiments reported in this paper are concerned chiefly with 
the difference in the effect of motion and emotion in rapid leukocyte 
mobilization, and are grouped as follows: 1, Combined excitement 
and muscular effort; 2, excitement alone; 3, effect of anesthetics 
on white blood cells; 4, muscular effort without excitement (under 
anesthesia) ; 5, the effects of exposure to cold. 

Materials and Methods. Cats were chosen because they are easily 
aroused to excitement, a generalized sympathetic discharge can be clearly 
demonstrated, and their blood picture is comparable to that of humans. 
Over 50 experiments were performed on 21 clinically normal animals. 

A standard hemac 3 ’'tometer (Thomas) and diluting pipettes all passed 
by the United States Bureau of Standards were used._ 

Blood films were made on slides and stained bj’’ Wright’s method. Two 
hundred cells were counted on each slide, counting from edge to edge of the 
slide. The large and small Ijunphocytes and mononuclears were all classed 
as round cells, without further differentiation. 

The blood samples were obtained from a marginal vein of the ear, follow- 
ing incision with a sharp knife. All blood samples were taken from a freely 
flowing drop. Samples were in all cases counted by the person who took 
them. Usually they were done by one of us; all differential counts were 
done by one man (C. J. L.). 

Variations in total count of less than 1000 cells were regarded as within 
the limits of experimental error, and therefore insignificant. 

A complete experiment usually continued for 1 to 6 hours (average 3 
hours) during which time from 3 to 13 samples were taken. The number 
of samples depended upon the information desired and the type of experi- 
ment. 

The anesthetics used were ether, given by the open cone method, and 
sodium amytal (Lilly) administered intramuscularly. The usual dose of 
amjdal was 70 mg. per kilo of body weight. 

Excitement with mxiscular work was obtained by tying the animal on an 
operating board and allowing it to struggle. 

Passive exercise under anesthesia was obtained by supporting the animal 
on a specially designed constant-speed electric treadmill made by Mr. 
Victor Phillips in the Department of Anatomy machine shop. 

_ Excitement without muscular work was obtained by riding the animal in a 
high-speed elevator. All of the animals showed fear, evidenced by crying, 
dilatation of pupils, and erection of hair. They were placed on the floor 
of the car without restraint and only those which remained motionless 
were classified under this category. Observations on those which showed 
any muscular response, or which tried to escape, were discarded or included 
under the heading of excitement plus muscular work. The minimal muscular 
response is a point of importance, which -will be emphasized elsewhere. 

The experunents listed here are those in which the total count sequences 
are complete and which have been carefully checked. Many incomplete 
observations have been omitted for the sake of brevity, but the results are 
essentially the same as those reported. 

Results. Effect of Muscular Work During Excitement. Excite- 
ment induced responses which varied from mere restless moving 
around to violent struggling. Tliere were 9 experiments on 6 
annuals. The total white count rose in all cases. Of these, one 
was insignificant, and another was discarded because a large number 
of circulating normoblasts vitiated the counts. The elevations in 
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total count varied from 5% to 30% with an average rise of 22,7% 
in 17 minutes. The rise was purely mononuclear in type in 3 cases, 
mononuclear and neutrophil in 2 cases, pure neutrophil in 1 case, 
not determined in 3 cases. Excitement with muscular activity 
increases the total white cell count. 

Effect of Excitement Without Muscular W ork. Three experiments 
on 2 animals showed no significant immediate or delayed change in 
the white cell count following 10 minutes excitement. The small 
number of satisfactory observations was due to the difficulty in 
obtaining emotional reactions in the animals without accompanying 
rhuscular activity. 

Effect of Ether Anesthesia. In 11 experiments on 6 animals, 
ether anesthesia for 15 minutes caused a significant rise in 7 cases. 
The lowest rise was 10.0%, the highest 113%; the average 35.28%. 
Two cases were insignificant. There was one drop of 28%. The 
effect of prolonged anesthesia was studied in 7 experiments on 4 
animals. A complete experiment including initial and postanes- 
thesia counts lasted from 1| to 3| hours. The average time neces- 
sary to induce anesthesia was 12.5 minutes. There was an initial 
leukocyte rise in 6 out of 7 cases. Anesthesia was then continued 
for periods varying from 20 to 55 minutes. The total counts rose 
further in 3 cases, and dropped in 3 others. One case died from an 
overdose of ether. The number of minutes’ exposure to ether had 
no apparent tendency to cause either a rise or a fall of the white blood 
cells, but the depth of anesthesia seemed to be a factor. Because of 
the initial rise, ether was discarded in our tests for the eft'ects of 
passive exercise. 

Effect of Amytal Anesthesia. In 13 experiments on 9 animals, 
sodium amj’tal in anesthetic doses caused a fall of the total white 
cell count in all cases. This generally occurred within 30 minutes 
and persisted for 4 to 5 hours. The smallest drop was 5%, the 
greatest 75%, the average 36.2%. Rises obtained after passive 
exercise under amytal were considered significant and due to the 
muscular work. 

Effect of Passive Exercise Under Anesthesia. Of 9 observations 
on 4 animals, 7 showed definite elevation of leukocytes. These 
ranged from 11% to 50% in 3 to 10 minutes with an average rise 
of 29.2% in 8^ minutes. The changes m cell types were entirely 
mononuclear in 2 cases, mononuclear with some neutrophil rise in 
4 cases, and a neutrophil rise in 1 case. There was one drop in the 
total count of 27 %, and one insignificant rise. A poly- and a mono- 
nuclear decrease occurred in the 1 case of leukopenia. The nature 
of the insignificant rise was not determined. In this group a com- 
plete experiment lasted from 2 to 6 hours. 

Exposure to 0° C. In 9 experiments, 7 animals were exposed to 
cold for 15 to 120 minutes. The total count rose in 2 and fell in 3 
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Graph I. Changes in total blood leukocyte counts under various experimental 
conditions. 

Fig. 1. — After about an hour’s quiet, the animal was made to struggle for 15 minutes. 
Fig. 2. — Excitement of a fast elevator ride failed to increase the total leukocyte 

count. 

Fig. 3. — Same as Fig. 2, but the count increased when later muscular effort was 

added. 

Fig. 4. — Ether administration was accompanied by a rise during light and a fall 

during deep anesthesia. 

Fig. 5. — A moderate rise as a result of slight struggle was followed by a leukopenia 
as an injection of amytal began to take effect. 

Fig. 6. — The low leukocyte count under amytal is modified by handling the animal 
m putting it on the machine. A brisk run increased the count, which fell again 5 
minutes after cessation of exercise. A second similar run indicated thatjthe rise was 
present after 3 but not 2 minutes of induced running.- 
S = Struggle 
EE = Elevator excitement 
t = Beginning of anesthesia 
= Animal put on machine 
I = Passive exercise 

0 = Basal count when cat is resting quietly 
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cases. In the other 4 experiments the changes were insignificant. 
Cold affected the total count in a variable manner. 

Discussion. Our results are in agreement with others in regard 
to the effect of muscular work. In the experimental animals, pas- 
sive muscular work under anesthesia caused a rapid increase in 
white blood cells, which in a majority of the cases was due chiefly 
to mononuclear cells. The rise in the total count occurred within 
5 minutes of onset of exercise, persisted throughout its duration and 
dropped rapidly toward normal following cessation of work. 

Marked variations in the blood count of normal individuals 
after various forms of muscular work were noted as early as 1903 by 
Hawk. Since then others (Hasselbalch and Heyerdahl, 1908; 
Grawitz, 1910; Hochstetter, 1910; Ellermann and Erlandsen, 1911; 
Garry and Butler, 1929) have also observed a change in the number 
of leukocytes with a change in posture. They^ attribute the increase 
to circulatory shifts with liberation of leukocytes trapped in unused 
capillaries. 

It seems probable that the main factor in the rapid production 
of leukocytosis following exercise is the dilatation of collapsed 
capillaries. With the muscles at rest there are vast numbers of 
inactive vessels holding on their walls many white blood cells. 
With activity these capillaries open, the cells are swept into' the 
circulation and raise the total count. 

The possibility of autonomic nervous control of leukocytosis and 
leukopenia has been suggested by Camus and Pagniez (1908), 
Mora, Amtman and Hoffman (1926) and Menkin (1928). 

The effect of combined emotional and muscular stimulus does n6t 
differ appreciably in our experiments from that of muscular work 
alone, and we were unable to show any increase in white blood cell 
count from emotional stimulus in the absence of muscular work. 
We believe that the effects obtained by others and ascribed to 
emotion are due to a combination of motion and emotion, with 
major effects by motion. In a few of our cases the animals remained 
perfectly quiet and not under restraint, although sympathetic 
stimulus was evidenced by erection of the hair and dilatation of the 
pupils. No increase in leukocytes occimred. Our failure to obtain 
a leukocyte rise with excitement alone may be due to a limited cir- 
culatory adjustment in the absence of muscular response to the 
emotional stimulus. . _ _ • 

We believe that during excitement with activity the circulation 
changes resulting in leukocytosis may be due to a reflex and not a 
generalized sympathetic discharge. The reflex would be induced 
by the need for blood in the active tissues (skeletal muscle). If a 
strong, generalized sympathetic discharge without accompanying 
muscular activity could be obtained, one might get a purely emo- 
tional leukocytosis. Tins is suggested by the results obtained with 
injections of adrenalin (Camus and Pagniez, 1908). The muscular 
activity factor will, however, be a difficult one to rule out. 
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The period of excitation during ether anesthesia in our animals 
was accompanied by a rise of the total white count. This rise can 
be explained by the excessive activity of the animals. The total 
count dropped during very deep anesthesia, but rose again during 
the recovery phase. 

The leukopenia during amytal anesthesia makes the rises following 
passive exercise doubly significant in those cases. 

The differences encountered in animals exposed to cold may also 
be explained by their relative activity. Our ejqieriments were 
conducted in <a small darkened refrigerator in which the animals 
generally remained quiet. Furthermore, exposure to cold while 
the animal was under ether anesthesia caused a leukopenia. In 
experiments by Zwemer and Lyons (1928), cats were subjected 
to cold in a large well-lighted refrigerating room, in which consider- 
able activity was possible. An increase in total counts occurred 
in their cases, except in those animals that had had their sjunpathetic 
nervous system removed. 

Other tjqDes of physiologic leukocjffosis have been described 
(Rous 1908, Scheider and Havens 1915, Becher 1918). Although 
some of them are undoubtedly contributory factors, their speed of 
reaction is probably too slow to account for the rapid rises encoun- 
tered in the experiments reported in this paper. 

The rhythmic basal changes in normal human subjects (Japha, 
1900; Galambos, 1912; Sabin, Cunningham, Doan and Kindwall, 
1925) also differ in their time relationships from our experimental 
results. 

Summary. 1. Emotional stimulus with muscular activity was 
followed by a leukocytosis.' This was generally mononuclear in 
DTe. 

2. Emotional stimulus alone in our few cases effected no significant 
variation of total white count. 

3. Passive work under anesthesia raised the total white cell 
count, the rise being similar to that induced by excitement plus 
activity. 

4. The rapid increase following muscular work is probably due 
to a dilatation of unused muscle capillaries, the entrapped leuko- 
cytes being swept into the general cireulation. 

5. Sodium amytal (intramuscularly in anesthetic doses) caused a 
constant leulcopenia. 

6. Ether anesthesia was characterized by an initial leukocytosis, 
the elevation being evidenced by all cell types. Deep anesthesia 
was accompanied by a drop in the total count. These effects may 
be correlated with the initial hyperactivity and subsequent relaxa- 
tion of the animal. 

7. Exposure to cold (0° C.) produced no constant change in the 
total white count. 
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THE SCHILLING COUNT IN 59 CASES OF CHRONIC ARTHRITIS 
WITH A CORRELATED SEDIMENTATION RATE IN 30 

CASES. 
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The system of differentiation of’ the white blood cell count as 
developed by Schilhng in 1911 has proved to be of much value in 
the diagnosis, prognosis and treatment of disease. The voluminous 
literature on the subject certifies this fact. Crocker and Valentine,^ 
after a careful and very interesting analysis of 6000 Schilling hemo- 
grams, state that the method is most practical and scientific. And 
yet a careful study of the literature on chronic arthritis reveals 
verj" little study as regards the Schilling count in this chronic dis- 
ease. Also there have been extensive studies of the sedimentation 
rate in joint disease, but, as far as I know, no one has attempted 
a correlated study of the younger neutrophils and the sedimentation 
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rate. Tlie opinion cited by OppeP and his co-workers, that an iso- 
lated observation of the sedimentation rate is of little value in 
differentiating various forms of artlmitis, is to be seriously considered. 

The author has studied 59 cases of clironic arthi-itis with particu- 
lar emphasis of the Schilling differential as a means of differentiating 
the two main types of chronic arthritis. He also has correlated 
this study with sedimentation determinations by the method de- 
scribed by Rourke and Ernstene® in 30 cases. That there is a definite 
correlation between the Schilling count and the sedimentation rate 
is well demonstrated by a study of Charts I and II. In atrophic 


Chart I. — ^Thb Schilling Count in 59 Cases of Chronic Arthritis. 


Atrophic Hypertrophic 



Note that most cases of atrophic arthritis are above 4%, whereas most cases of 
hypertrophic arthritis are 4% or below. (Scale is in per cent of younger neutrophils 
— myelocytes, juveniles and stabnuclears combined.) 


arthritis the percentage of the younger neutrophils is increased 
over the normal in most cases, whereas, in hj^jertrophic arthritis 
these cells are usually not increased. The sedimentation rate, in 
general, follows the same general trend. However, it is evident that 
many of the cases of atrophic arthritis show an upper level of normal 
sedimentation rate (normal index is 0.8 to 0.35). 

Table 1 includes 42 cases of atrophic arthritis. In this group, 
the Schilling was slnfted to the left in 33 cases (78%). Four of the 
9 cases in which the Schilling was not shifted to the left showed the 
upper limit of the normal younger polys. That the stage of the 
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disease in which, the Schilling count is done is important is demon- 
strated by G. D. During the acute phase of the arthritis there were 
12% of the younger neutrophils present in the blood smear, whereas, 
during the resting stage in the same case there were only 3 % of these 
cells present. 

Chart II. — The Sedimentation Rate in 30 Cases or Chronic Arthritis. 
Atroptic Hypertrophic 




Note that most cases of atrophic arthritis are above 0.35. whereas, most cases of 
hypertrophic arthritis are below 0.35. (Scale in mm. per minute.) 

Table 2 includes 17 cases of hj^iertrophic arthritis. In this group 
the Schilling was shifted to the left on only 3 cases (17 %). Of these 
3 cases the highest percentage of cells younger than the stabnuclear 
stage was 2% juveniles, whereas, in the atrophic group we find 12% 
juveniles in 1 case and in another we even find 2% myelocytes. 

In the correlated study there is agreement of the Schilling count 
and the sedimentation rate in 22 instances and disagreement in 8 
cases. By “agreement” the author means that both the sedimen- 
tation rate is diminished in time and the Schilling is shifted to the 
left. The shifting of the Schilling to the left and a normal sedimen- 
tation rate, or a normal Schilling differential with a sedimentation 
rate which is decreased in time, is called “disagreement” in this 
paper. In 29 instances the Schilling count substantiates the clinical 
diagnosis and fails to do so in only l ease. The sedimentation rate 
substantiates the clinical diagnosis in 22 cases and does not in 8 
instances. From this preliminary correlated study it would seem that 
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the Schilling count is more valuable than the sedimentation rate in 
differentiating the two main types of chronic arthritis. 


Table 1. — Schilling Differentials in 59 Cases of Chronic Arthritis With 
A Correlated Sedimentation Rate in 30 Cases. 

(Atrophic Arthritis.) 



My. 

% 

Juv. 

% 

Stabs. 

% 

Sega. 

% 

Lyma. 

% 

Monoa. 

% 

Eos. 

% 

Baa. 

% 

Sed. 

time. 

L. McN. . . . 


12 

38 

32 

14 

3 




1. C 

2 

3 

16 

40 

30 

5 

2 

2 

0.80 

M. M 


3 

15 

45 

30 

3 

4 


0.70 

M. C 



15 

44 

34 

5 


2 

0.59 

S. Z 



14 

54 

27 

5 



0.80 

H. H 

1 

3 

9 

39 

41 

3 

4 


2.00 

E. S 


2 

11 

55 

26 

2 

4 


1.55 

G. D. (acute stage) 

1 

2 

9 

41 

40 


6 

1 


T. C 


2 

10 

47 

39 

, . 

2 


0.43 

C. P 


1 

11 

72 

16 





G. H 



11 

27 

57 

3 

2 



A. G. . . 


3 

7 

69 

15 

4 

2 



C. G 


1 

9 

50 

37 

1 

2 

, , 

0.80 

B. M 


1 

9 

58 

26 

3 

3 



R. M. , . 



10 

63 

23 

3 



0.10 

E. L 



9 

57 

25 

6 

3 



R. H. . 

. « • 


9 

62 

24 

5 



0.20 

M. R 



9 

69 

20 

1 

1 



G. B 


2 

6 

67 

21 


4 


0.38 

M. B 



8 

65 

22 

5 



• 

C. M., combined . 



8 

46 

39 

5 

2 


0.15 

(atrophic pre- 










dominating) 










A. M 


2 

5 

• 33 

50 


2 

1 


A. V. ... 



7 

72 

18 

3 




M. DeL. . . . 



7 

49 

41 

3 



0.50 

h'. H., combined . 



7 

42 

47 

2 

2 


0.10 

(atrophic pre- 










dominating) 










H. A 



7 

53 

22 

5 

3 


0.75 

V. M 



6 

78 

26 





J. F 



6 

71 

18 

1 

4 


0.50 

L. DeM. . . . 



6 

68 

23 


3 


0.38 

H. AV 



6 

42 

48 

4 



0.30 

C. F 



6 

59 

31 

2 

2 


0.40 

A. W 



6 

68 

24 

2 



0.39 

J. M 



5 

75 

17 

1 

2 



L. T. . . . 



4 

67 

25 

,3 

1 



A. N. . . . 



4 

60 

33 

1 

2 


0.35 

E. AV 



4 

71 

16 

6 

3 



Is. H 



4 

79 

12 

5 




G. D. (resting stage) 

. 


3 

67 

25 

1 

4 



M. K 



3 

52 

39 

5 

1 



D. K 



2 

35 

60 

2 

1 


0.40 

H. P. . . 



2 

64 

19 

10 

3 

1 


G. H. . . . 




68 

29 

3 




C. B. . . 




50 

50 






Another interesting observation from the correlated'^^dyds'^H'^i^^ 
in all instances in which the stabnuclear count ds'^bd^lO^'ancTihS; 
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all cases in which we find younger neutrophils than the stab state, 
the sedimentation rate is more rapid than normal. In all such cases 
the author has always encountered the atropliic type of arthritis. 
This fact is well demonstrated by a study of the tables. In only 1 
case of atrophic arthritis (A. N.) do we find both a normal Schilling 
differential and a normal sedimentation rate and in this case both 
values are the upper limit of normal. Furthermore, this was a 
"burnt out” case of atrophic arthritis. 


Table 2. — Schilling Diffehentials in 59 Cases of Chronic Arthritis With 
A Correlated Sedimentation Rate in 30 Cases. 
(Htpertrophic Arthritis.) 


1 

-My. 

% 

Juv. 

% 

• Stabs. 

, % 

Sees. 

% 

1 

( 

! Lyms. 

% 

Monos 

% 

1 Eos. 

I 

/o 

i Bas 
i %. 

Sed. 

time. 

J. Q 


2 


7 


52 

34 

2 

1 1 

1 ^ i 


(Mixed arthritis. 



1 






1 


hypertrophic pre- 












dominating) 












W. B 


1 

i 

7 


38 

56 

3 

5 



(acute knee joint) 



1 









L. N 



t 

1 

6 


70 

22 


2 



N. W. . . . 



‘ 

4 


64 

22 

8 

2 

, . 

0.65 

C. B 




4 


68 

27 

1 

. . 


0.20 

A. E 




4 


42 

44 

2 

8 

. . 

0.21 

G. R 




3 


61 

33 

1 

2 


0.60 

C. S 




3 


64 

29 

2 

2 

, . 

0.15 

R. B 




3 


45 

37 

7 

8 



C. G 




3 


73 

24 





s. s 




2 


68 

25 


2 

1 

0.27 

F. W. 



1 

2 


45 

47 

2 

3 


0.23 

E. B. . . . 



; 

2 


50 

40 


2 


0.31 

G. S 



} 

2 


60 

30 


2 



J. M 






68 

36 

6 




C. A 



, 

, , 


68 

26 

6 




N. P 



I 

1 

1 



68 

26 

5 

1 




From this preliminary study it would seem that the Schilling 
count is of value in differentiating the two main types of chronic 
arthritis. The sedimentation rate as described by Ilourke and 
Ernstene, together with a Schilling differential, increase the accur- 
acy with which this differential study may be made. Only in 4.7 % 
of the total cases of atrophic arthritis did the author obtain both 
a normal Schilling count and a normal sedimentation rate. The 
practical application of this study in the treatment of chronic 
arthritis vdll be discussed in a future article. 

Summary. 1. Schilling studies in 59 cases of chronic arthritis are 
presented. 

2. Thirty cases of chronic arthritis with both Scliilling differentials 
and sedimentation rates are discussed. 

3. The Schilling count is of value in differentiating atropliic from 
hjTiertrophic arthritis. 
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4. Correlated studies of the Schilling count and the sedimentation 
rate seem to increase the accuracy with which this differential study 
can be made. 
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INCIDENCE OF INFECTION WITH INTESTINAL PEOTOZOA IN 

MINNESOTA. 

By Paul Kabler, Ph.D., 

MINNEAPOLIS, MINN. 

(From the Minnesota Department of Health, Division of Preventable Diseases.) 

Craig^ has estimated that between 5% and 10% of the population 
of the United States are carriers of Endamoeba histolytica. It is 
well known that a higher percentage of infestation occurs in warm 
climates and under crowded living conditions.^’^ Kofoid and Swezy^ 
found E. histolytica present in the stools of 67% of 91 soldiers 
examined who had recently returned from overseas duty in the 
World War. Meleney, Bishop and Leathers^ reported 11.4% infes- 
tation in the rural districts of Tennessee. In a survey carried out 
by Andrews and Paulson® in 1931, however, E. histolytica was 
found in only 0.3% of 312 individuals who were living under normal 
home conditions in Baltimore. And more recently Hinshaw and 
Showers,^ working in Philadelphia, found 1.1% of 368 unselected 
hospital patients positive when examined. Riley,® in 1929, exam- 
ined a selected group of approximately 500 ex-service men in 
Minnesota and found 1.4% infected with E. histolytica. He con- 
concluded “that E. histolytica is distinctly'’ less common in the 
north central states than might be inferred from current statistics.” 

DobelP has estimated that about one-third of the actual E. his- 
tolytica infections will be discovered by ' a single examination. 
Carter and coivorkers^® found on the first examination 33.4% of 
the total number of infections with E. histolytica which were found 
on 6 examinations. Kessel and Svensson,^ in Peking, report the 
following percentages of the total infections which were found on 
the first examination in a series of 6 examinations: E. histolytica, 
44%; E. coli, 47%; E. nana, 47%; lodamoeba, 30%; Chilomastix, 
29%; Giardia, 42%. 

In examining stools for intestinal protozoa, Magath and Ward^^ 
prefer the study of a fresh preparation of liquid stools obtained 
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after a saline purge to any other single method. Spector/^ in 1932, 
concluded “in the detection of E. histolytica infections, cultural 
methods are probably superior to direct fecal examination.” 

The present investigation was carried out to ascertain the presence 
of E. histolytica carriers among the healthy working food handlers 
of a large railway system, a single* examination was made, except 
in positive cases, when a second specimen was included. The fol- 
lowing results are the actual findings without calculations as to 
the probable percentage of infection; 146 apparently normal working 
employees were examined. None of this number gave a historj^ of 
past infection with E. histolytica. 

Material and Methods. The, examinations were made upon fresh stools 
passed at the laboratory after the administration of a saline cathartic. 
The examination consisted of : 

1. Immediate examination of a fresh preparation using a warm stage to 
guard against loss of temperature. 

2. Examination of a portion of the stool emulsified in 1% I in 2% BT, 
as recommended by Craig. 

3. Cxilture of the stool on Cleveland’s*^ media. Tins was incubated 
24 hours at 37° C., and a portion searched on the warm stage for motile 
forms. 

Results. In the detection of E. histolytica there was complete 
agreement between the cultural and direct examination methods. 
That is, none of the stool cultures showed the presence of E. histo- 
lytica except those in which E. histoljdica had been found in the 
fresh stool by direct examination. 

The per cent infestation with other protozoan parasites reported 
is compiled from the findings of the fresh preparation and iodin 
stain methods. The following table shows the incidence of infes- 
tation with protozoan intestinal parasites in a series of 146 appar- 
ently normal working individuals. 

Table 1. — Incidence of Intestinal Protozoa. 

No. of 


Organisms. cases. Per cent. 

E. histolytica alone 0 0 

E. histolytica and B. hominis 1 0.68 + 

E. histolytica and B. hominis and E. nana . 1 0.68 + 

E. coli alone 1 0.68 + 

E. coli and B. hominis 6 4.11 

E. coli and B. hominis and lodamoeba butschlii 1 0.68 + 

Endolimax nana alone 3 2.0 

Endolimax nana and B. hominis 9 6.16 

Endolimax nana and I. butschlii .... 1 0.68 + 

Endolimax nana and B. hominis and C. mesnili 1 0.68 + 

lodamoeba butschlii alone 1 0.08 + 

lodamoeba butschlii and B. hominis ... 1 0.68 + 

Giardia intestinales alone 1 0.68 + 

Giardia intestinales and B. hominis .... 1 0.68 + 

Chilomastix mesnili alone 0 0 

Chilomastix mesnili and B. hominis .... 2 1.37 

Trichomonas hominis alone 1 0.68 

Trichomonas hominis and B. hominis ... 1 0.68 

Blastocystis hominis alone 54 37.0 


* Before, additional examinations could be made the order authorizing the surrey 
was rescinded. 
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Table 2. — Total Incidence. 


Organisms. 

E. histolytica 
E. coli 
E. nana . 

I. butsehlii 
G. intestinales 
C. mesnili 
T. hominis 
B. hominis 
Negative . 


No. of 
cases. 

Per cent. 

2 

1.37 

8 

5.60 

15 

10.27 

4 

2.74 

2 

1.37 

3 

2.05 

2 

1.37 

78 

53.42 

60 

41.10 


Discussion. Of the 146 individuals whose stools were examined, 
the stools of 24.67% were found to contain at least one of the intes- 
tinal parasites other than B. hominis. Since the significance of 
B. hominis is at present somewhat undetermined it has been included 
in this study. Blastocystis hominis was present in the stools of 
37% of the individuals, unaccompanied by any other parasite. 
Forty-one per cent of the stools were found to contain no protozoan 
parasite. 

Since this investigation embraces an unselected group of working 
and apparently healthy individuals, it serves to show that a small 
percentage of the normal population in the north central United 
States are carriers of E. histolytica. However, this percentage of 
carriers is not as great as the 5 to 10% which Craig has estimated 
for the entire United States. Nevertheless, with the increasing 
facility of travel, the low percentage of 1.37 reported might well 
reach a higher level within a few years. 
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THE HETEROPHIL ANTIBODY TEST IN LEUKEMIA AND 
LEUKEMOm CONDITIONS.* 

By George L. Weinstein, M.A., M.D., 

RESIDENT PHYSICIAN, HOSPITAE OP THE UOTVERSITY OF PENNSYLVANIA, 

AND 

Thomas Fitz-Hugh, Jr., M.D., 

ASSISTANT PROFESSOR OF CLINICAL MEDICINE, UNIVERSITY OF PENNSYLVANIA, 

PHILADELPHIA, PA. 

(From the Medical Di\dsion and the Pepper Laboratory of the Hospital of the 

University of Pennsylvania.) 

This study is an attempt to confirm the original observation of 
Bernstein (1934) that in leukemia the heterophil antibody titre is 
uniformly at a low level, and to investigate heterophil antibody 
formation in leukemia and certain leukemoid conditions before 
and after the parenteral administration of horse serum. A hetero- 
phil antibody is an antibody group possessing the capacity to react 
with antigens, different from and phylogenetically unrelated to the 
specific antigen instrumental in producing the antibodj'^ response. 

Method. The method used in this study is similar to that employed 
by Davidsohn (1929, 1930), Paul and Bunnell (1932), Bunnell (1933), and 
Bernstein (1934). The following materials are emploj’^ed; Serum of the 
patient, a 2% suspension of washed sheep red cells, and physiologic saline 
solution. The serum is inactivated at 56° C. for 15 minutes, and diluted 
in physiologic saline in a series ranging from undiluted serum to a dilution 
of 1 to 16, or as far as is indicated. To each tube containing 0.5 cc. of diluted 
serum, 0.5 cc. of a 2% solution of washed sheep red cells is added and 
finally the addition of 1 cc. of physiologic saline brings the total volume to 

2 cc. The tubes are shaken, placed in a water bath at 37° C. for 1 hour 
and kept overnight in the ice box. The next morning the tubes are inverted 

3 times and the degree of sheep cell agglutination is recorded as follows; 

-}--l — 1- single mass of cells; -j — h large flakes; + fine flakes; 0 no agglu- 
tination. 

To facilitate comparison with the results of previous workers, the serum 
dilutions are expressed in terms of the proportion of serum to saline present 
in the original 0.5 cc. added and not with reference to final serum dilution, 
i. e., “undiluted” is actually 1 to 4, a 1 to 1 dilution is 1 to 8, and so forth. 

* Presented before Section on General Medicine, College of Physicians, Phila- 
delphia, December 18, 1934. 
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PrBVioiis workers htive found., in norni3.l individuals snd in putients 
suffering froin a variety of diseases with, the exception of infectious 
mononucleosis and serum siclmess, that sheep cell agglutinins 
may be present up to a serum dilution of 1 to 16. Bernstein (1934) 
for purposes of convenience, designated the range of serum dilutions 
below 1 to 4 as Zone 1, the interval between 1 to 4 and 1 to 16 as 
Zone 2, and the distribution above 1 to 16 as Zone 3. Bernstein 
(1934) found that in over 300 cases other than serum sickness or 
infectious mononucleosis, 30% fell in Zone 1 and 70% in Zone 2. 
Similarly Bunnell (1933) in over 1600 cases found that 40% fell in 
Zone 1 and 60% fell in Zone 2. Stuart et al (1934) found that in 
300 cases 26% fell in Zone 1 and 74% in Zone 2. In a series of 100 
hospital cases unselected except to exclude serum sickness, infec- 
tious mononucleosis and leukemia, we found that 36% fell in Zone 
1 and 64% fell in Zone 2, and no case fell in Zone 3. Thus it seems 
safe to assume that normal individuals and those suffering from a 
variety of diseases other than serum sickness and infectious mono- 
nucleosis all exliibit a heterophil antibody titre of less than Zone 3 
magnitude. Furthermore, of this group at least 60% fall in Zone 2. 


Table 1. — Low Heterophil Antibody Range in Leukemia. 


Case 

No. 

Diagnosis. 

Zone 1. 

Zone 2. 

White blood cells, 
range. 

Undil. 

1 to 1. 

1 to 2. 

1 to 4. 

1 

Acute lymphatic leukemia 

+ 

+ 



22,000 


2 

Chronic lymphatic leukemia 

— 


— 

_ 

53,800 

22,000 

3 

<< it 


— 

— 

— 

— 

98,200 

11,000 

4 

u u 

« 


— 

— 


38,000 

27,000 

5 

<t <i 



— 


— 

21,800 

106,000 

6 

it 


+ 


— 

— 

4,200 

8,600 

7 

Acute myelogenous leukemia 

— 

— 

— 


14,000 


8 

a n 

<t 

+ + + 

+ + + 

+ + + 

+ + 

42,000 


9 

Chronic “ 

it 

— 


— 

— 

420,000 

9,000 

10 

it « 

“ 

+ 

— 

— 

— 

9,200 

22,400 

11 

(( « 

u 

+ 

— 

— 

__ 

188,000 

64,000 

12 

H tf 

tt 

— 

— 

— 

— 

20,000 

137,000 

13 

u a 

u 

+ + 

+ 

— 

— 

14,000 

68,000 

14 

{< n 

ti 

+ 

— 

— 

— 

90,000 

11,200 

15 

It n 

it 

+ + 

+ 

— 

— 

20,000 

320,000 

16 

tt f( 

it 

— 

— 

— 

— 

82,000 


17 

Subleukemic myel. leukemia 

+ 

! 

— 

— 

2,600 

. 9,400 


Seventeen cases of leukemia were studied — 1 of acute lymphatic 
leukemia, 5 of chronic lymphatic leukemia, 9 of chronic myelogenous 
leukemia and 2 of acute myelogenous leukemia. In all these cases 
the heterophil antibody titre fell in Zone 1 and in no instance could 
heterophil antibody be demonstrated above a serum dilution of 1 to 1 
—except in a single case of acute myelogenous leukemia who had 
received 28 transfusions. These results confirm the previous work 
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of Bernstein (1934), who reported that 20 of 21 cases of leukemia 
had a heterophil titre that fell in Zone 1. 

This finding of a low heteropliil antibody content in the serum 
of patients with leukemia was not influenced by the level of the 
leukocjfle count, or by the predominating cell present, and was 
obtained irrespective of whether or not the patient had received 
radiation therapy. It was also noted that a tremendous shift of 
the blood picture from that of florid leukemia to a strictly aleukemic 
phase did not influence this constantly low heterophil antibody level. 

We also found in a study of 5 cases of proven Ijmaphosarcoma and 
3 cases of Hodgkin’s disease, a constantly low titre of heterophil 
antibody, aU falling in Zone 1 . 

We conclude from these observations that wuth heterophil anti- 
bodies distributed in Zone 2 or Zone 3, one may with some assurance 
rule out leukemia. However, if the heterophil antibody titre falls 
in Zone 1, the patient may or may not have leukemia. The hetero- 
phil antibody test up to this point is therefore of value only in estab- 
lishing negative ewdence concerning the diagnosis of leukemia. 

Previous workers have shown that specific antibody formation 
in leukemia is disturbed. Moreschi (1914) was able to demonstrate 
little or no specific agglutinin formation after the injection of typhoid 
vaccine in 6 cases of chronic myelogenous leukemia and 2 cases of 
chronic Ijnnphatic leukemia. Botky (1914) using a harmless vibrio 
cultivated from water was able to demonstrate specific agglutinin 
formation in 8 control cases, but could not demonstrate any agglu- 
tinin formation in 2 cases of leukemia (1 chronic myelogenous and 
the other chronic lymphatic). 

Dawdsohn (1929) first reported that following the administra- 
tion of horse serum there was an increase in heterophil antibody 
titre. He later reported (1933) a series of heterophil titres in cases 
recemng immune sera for therapeutic purposes. The average titre 
for the control group was a serum dilution of 1 to 6, the average 
titre for the group receiwng serum but in whom serum sickness did 
not develop was a serum dilution of 1 to 18 and in the group develop- 
ing serum sickness, the average heterophil titre was a serum dilution 
of 1 to 63. Bernstein (1934) found an increase in the heterophil 
antibody titre in 11 cases receiving various immune sera. In our 
study the heterophil antibody titre in 14 non-leukemic cases which 
had received various immune sera was found to be in the serum 
dilution range of Zone 3, thus confirming the work of these investi- 
gators. 

Bernstein (1934) injected horse serum intravenously in a case 
of chronic Ijonphatic leukemia and could demonstrate no increase 
in heterophil antibody content of the serum. A second case of 
probable leukosarcoma showed a minimal rise in heterophil anti- 
bodj’’ titre after the parenteral administration of horse serum. 
Neither of these cases developed evidence of a serum reaction. 
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This finding in leukemics contrasts sharply with Davidsohn’s 
(1933) demonstration of a constant increase in heterophil antibody 
titre after parenteral administration of horse serum in non-leukemics 
regardless of whether or not serum sidmess occurred. This suggests 
the possibility that in leukemic individuals the mechanism^ of 
heterophil antibody formation may be inhibited or deficient just 
as the mechanism of specific antibody formation is deficient. 

The evidence thus far suggests that normal individuals and those 
suffering from a variety of disorders show a rise in heterophil anti- 
body titre from Zone 1 (40 % of total group) or Zone 2 (60 % of total 
group) to Zone 3 when given horse serum parenterally, whereas 
the few leukemics previously tested (all in Zone 1) show no signifi- 
cant rise of heterophil antibody titre after the administration of 
horse serum. This difference in response to horse serum might seem 
to offer a positive means of establishing the diagnosis of leukemia. 


Table 2. — Heterophil Antibodies in Leukemics Before and After Receiving 

Horse Serum. 


Case. 

Clinical diagnosis. 

Biopsy. 

Type. 

Undil. 

1 to 1. j 

1 to 2. 

lto4. 

s. 

Chr. lymph, leuk. 

Atypical lymph, leuk. 

0 

B 

B 

B 





0 


_ 

— 






+ 

+ 

— 


— 

D. 

Chr. lymph, leuk. 

Chr. lymph, leuk. 

A 

— 

— 

— 

— 

C. 

Chr. lymph, leuk. 


A 

— 








+ 

+ 

— 


— 

B. 

Chr. subleuk. 

Lymph, leuk. 




_ 





lymph, leuk. 


++ 

+ 

— 


— 

H. 



B 

_ 


— 







+++ 

++ 

+ 


— 

M. 

Chr. myel. leuk. 


mm 



_ 


1 to 64 



H 

+++ 

+++ 

+++ 

4" 4* 4" 

+ 

M. 



O 

+ 4" 

+ 




1 to 512 




■■ 

+++ 

+++ 

+++ 

+++ 

+ 

F. 

Chr. aleuk. leuk. 

Chr. aleuk. leuk. vs. 

A 

+ 








vs. lymphosarc. 

lymphosarcoma 


+ 

— 

— 

— 


M. 
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obtaining at least 2 determinations of heterophil titre on separate 
days, the patient received an intradermal injection of 0.05 cc. of 
normal horse serum. In the absence of a positive reaction, 5 cc. of 
horse serum were injected intramuscularly into the buttock. The 
next day 10 cc. of the serum were injected into the opposite buttock. 
Blood was withdravm at frequent intervals following the serum 
injections and the heterophil titre determined. In several cases 
the heterophil titre was determined for periods of 6 weeks after 
serum injection. 

This leukemic group was composed of 5 cases of chronic lymphatic 
leukemia and 3 cases of chronic myelogenous leukemia. We also 
tested 2 cases in which the diagnosis bj'^ biopsy rested between aleu- 
kemic leukemia or lymphosarcoma, 1 diagnosed by biopsy as aty- 
pical Hodgkin’s disease, 1 with generalized lymph node enlargement, 
a white count of 13,600 and a differential count with 73% lympho- 
cytes diagnosed by biopsy as “hjqierplasia of chronic inflammation,” 
and 1 in whom a monocytosis associated with an enlarged spleen 
raised the possibility of monocytic leukemia. 

The 5 cases of chronic lymphatic leukemia had no significant 
rise in heterophil antibody titre after horse serum injection. In 
no instance did the heterophil titre shift beyond Zone 1. 

The 3 cases of chronic myelogenous leukemia, however, had a 
marked change in heterophil antibody titre after the administration 
of horse serum. In 1 case there was a rise from no agglutination in 
“undiluted” serum to definite agglutination in a dilution of 1 to 2. 
In the other 2 cases the agglutinin titre rose from the range of Zone 1 
to agglutination in a serum dilution of 1 to 64 in one, and to agglu- 
tination in a serum dilution of 1 to 512 in the other. In the last 
case the agglutinin titre started to rise 5 days after serum injection 
and 2 days later the patient had a moderately severe attack of 
serum sickness. None of the other cases of leukemia developed 
serum sickness. 

In the 2 cases in which the diagnosis by biopsy rested between 
aleukemic leukemia and lymphosarcoma and in the case diagnosed 
as atypical Hodgkin’s disease by biopsy, there was no shift in the 
agglutinin titre out of the range of Zone 1 after serum administra- 
tion. 

The case of generalized adenopathy with lymphocytosis diag- 
nosed by biopsy as “hjqierplasia of chronic inflammation” and the 
case in which monocjdic leukemia was suspected, each exhibited 
a shift in heterophil antibody from Zone 1 to Zone 3. Both of these 
indmduals recovered completely and follow-up examinations show 
them to be in good health. 

It is ewdent that in our small series of cases of chronic lymphatic 
leukemia administration of normal horse serum does not produce 
an increase in heterophil antibody. On the other hand, the paren- 
teral administration of normal horse serum in the cases of chronic 
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myelogenous leukemia elicits an increase in heterophil antibody in 
no wise differing from that produced in non-leukemic indmduals. 
Thus it is apparent that no difference between the non-leukemic 
and chronic myelogenous leukemia cases can be established on the 
basis of this procedure. 

Our findings indicate that the response of heterophil antibody 
formation following the parenteral administration of horse serum 
may possibly be of value in separating cases of Ijonphatic leukemia, 
aleukemic lymphatic leukemia, lymphosarcoma, and Hodgkin’s 
disease on the one hand, from normals and from other diseases on 
the other hand. It is of no value in differentiating between lym- 
phatic leukemia, lymphosarcoma and Hodgkin’s disease, which, as far 
as this ewdence goes, seem to be serologically related. It is further- 
more obvious that myelogenous leukemia falls witliin the normal 
range of response to serum administration and thus diverges sharply, 
and to us unexpectedly, from the lymphatic leukemia group. 

It is of interest to note the results of serum administration in a 
case of general lymph adenopathy with a white count of 13,600 and 
a lymphocyte percentage of 73. The clinical diagnosis was chronic 
lymphatic leukemia in the subleukemic stage. The original hetero- 
phil antibody titre fell in Zone 1 and was compatible with the diag- 
nosis of leukemia. However, after serum administration, the heter- 
ophil antibody titre rose into the range of Zone 3. This led us to 
question the diagnosis of leukemia. A subsequent lymph node 
biopsy revealed “hjqierplasia of chronic inflammation” and sub- 
stantiated the inference drawn on the basis of the rise in heterophil 
antibody titre, that this case was not lymphatic leukemia. Follow- 
up study of this case indicates .the correctness of this position in as- 
much as this man is perfectly well. 

A heterogenous group of cases was studied with the following 
findings: Two cases with tuberculous adenitis fell in Zone 2; 5 
acute non-specific adenitis cases were distributed in Zones 1 and 2; 
1 of secondary lues with generalized adenopathy fell in Zone 1; 
6 of polycythemia vera were distributed in Zones 1 and 2; 4 of 
typhoid fever all still febrile fell in Zone 2; 3 of aplastic anemia fell 
in Zones 1 and 2; 3 of purpura hemorrhagica (thrombocytopenic) 
fell in Zones 1 and 2 and single cases of F elty’s syndrome, primary 
pernicious anemia, and pneumonia fell in Zone 1. In sharp con- 
trast to the findings in this heterogenous group, we have found in 
10 cases of acute infectious mononucleosis a high titre of heterophil 
antibody (all in Zone 3). The heterophil antibody titre reached 
Zone 3 within a few days of the onset in typical cases, and roughly 
parallels the abnormal lymphocytosis which, however, maj^ be 
present after the heterophil antibody titre has returned to normal 
levels. We have found a Zone 3 titre, however, 6 weeks after onset 
in 1 case and 12 weeks after onset in another. In 3 other cases, 
after 2 years, 8 months, and 12 \veeks respectively, we found that 
the heteroplul antibody titre w^as present in the normal range. 
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Conclusions. 1. The heterophil antibody titre in the sera of 16 
cases of leukemia was found to be uniformly and repeatedly at a low 
level (Zone 1) regardless of the stage and type of the disease. . One 
case of acute myelogenous leukemia was found to be in Zone 2. 
This case, however, had received 28 blood transfusions. This con- 
stant finding may be of value in ruling out the diagnosis of leukemia 
in any case in which a high heterophil antibody titre is found. 

2. A low or normal* titre of heterophil antibody was found also 
in 3 cases of Hodgkin’s disease, 5 of -lymphosarcoma, 5 of polycy- 
themia vera, 4 of agranulocytic angina, and a number of miscellan- 
eous cases including typhoid fever, simple adenitis, syphilis, tuber- 
culosis, anemia, etc. 

3. A high titre (Zone 3) was found in serum sickness and acute 
infectious mononucleosis, thus confirming the reports of Paul, 
Bunnell, Davidsohn and others. 

4. The parenteral administration of horse sei-um did not produce 
a rise in the heterophil antibody titre in 5 cases of chronic lymphatic 
leukemia. This finding is in accord with previous evidence. 

5. A similar failure of increase of heterophil antibody titre follow- 
ing horse serum injections was found in 1 case of “atj^iical” Hodg- 
kin’s disease and 2 of Ijonphosarcoma, suggesting the possibility 
of a biologic relationship of these conditions to lymphatic leukemia. 

6. The parenteral administration of horse serum in 3 cases of 
chronic myelogenous leukemia produced a marked rise in heterophil 
antibody titre similar to that occurring in non-leukemic individuals. 
This finding is not in accord with previous evidence, and suggests 
the possibility of a real biologic difference between myelogenous 
leukemia on the one hand, and the lymphatic group on the other 
hand. 
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PERNICIOUS ANEMIA AND MALIGNANT NEUTROPENIA: 

A CASE REPORT. 

By Richard F. Herndon, M.D., 

SPRINGFIELD, ILL. 

The occurrence of malignant neutropenia (agranulocytosis) as 
a terminal event in a case of pernicious anemia wliich was receiving 
active and adequate treatment seems worth reporting. 

Case Report. Mrs. J. S. (No. 18073), American, was seen at her home 
in consultation on October 22, 1933. Her family, past and marital liistory 
were unimportant. She had passed the menopause in the late forties and 
had had no bleeding or discharge since. Her present iUness began indefin- 
itely in the summer or early fall of 1930 with wealoiess, vague indigestion 
and intermittent soreness of the tongue. In the early summer of 1933 there 
was a marked increase in the^ symptoms and about August she developed 
numbness and tinghng in her hands and feet wliich gradually spread until 
at the time she was seen it involved the whole body below the neck. With 
the development of this numbness she became progressively more awkward 
until finally she could neither walk, feed nor care for herself nor even button 
her night dress. There was no involvement of the organic reflexes. For 
6 weeks she had been bedfast, her appetite had been veiy poor and she had 
had frequent, irregular spells of nausea, vomiting and diarrhea. There has 
been a moderate though indeterminate loss in weight. 

Examination showed a slim, thin, extremely pale, alert woman in the 
mid-sixties, apparently seriously and chronically iU. The pallor, however, 
was distinctly yellowish and the conjunctiva were subicteric. Her tongue 
was smooth and without papilltB and presented two or three hyperemic 
areas wliich were sore and tender. Her pupils reacted normally but there 
was complete al^sence of all the superficial and deep reflexes and bilateral 
positive Babinski signs. . There was marked disturbance of coordination, 
sense of position and deep sensation in all the extremities, more marked in 
the lower. She could not recognize ordinary objects by the sense of touch. 
Pain sensation was moderately diminished and delayed. The remainder 
of the examination, including pelvic and rectal, was normal. Examination 
of the blood revealed hemoglobin, 20 to 25% (Tallqvist); erythrocytes, 
1,220,000, and leukocytes, 5000. The stained preparations showed the 
changes characteristic of a high-grade macrocytic anemia. The differential 
count was unfortunately lost, but there were about 70 % neutrophils, many 
of wliich were the multilocular type characteristic of the old forms seen 
in pernicious anemia. 

She was placed upon the anemic diet of Minot and Murphy, given 15 
capsules of “Extrahn-Lilly” daily, dilute hydrochloric acid and a) 3 cc. 
ampule of “Lederle’s liver extract” intramuscularly twice a week. There 
was a striking response. By the early part of November her hemoglobin 
was 65% (Newcomer); red cells, 2,650,000; white cells, 5500; with neutro- 
phils 71%. There were stiU marked changes in the morphology of the red 
cells ivith a tendency to macrocytosis. , 

When next seen, November she was much stronger, could feed and 
care for herself and button her gonm, but could not wallr because her legs 
“wouldn't track.” The numbness had receded to the elbows and mid- 
thighs. She had no indigestion and only occasional transient spells of 
diarrhea. The hemoglobin was 70 % (Tallqvist) and the red cells, 3,900,000. 
She was_ eating a pound of liver 2 to 3 times a week, taking 9 capsules of 
“Extralin” a, day and receiving an ampule of Lederle’s extract intra- 
muscularly in the buttocks once a week. Her subsequent blood cotmts 
were as follows, the hemoglobin being estimated by the Tallqvist method : 
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Hemoglobin, 


per cent Erythrocytes, 
Date. (Tallqvist). (in millions). 

Dec. 1, 1933 75 4.65 

8 75 5.00 

15 80 4.54 . 

22 '75 3.90 

26 75 4.50 

29 80 4.40 

Jan. 5, 1934 80 4.63 

12 80 4.48 

19 80 5.00 

26 75 4.48 


On December 8 stained preparations of the blood showed notliing abnor- 
mal but slight achromia. A differential count was not made but the distribu- 
tion of leukocytes seemed normal. Following the slight drop in the count 
on December 22, she received 2 ampules (6 cc.) of Lederle’s extract a week, 
and 12 capsules of “Extralin” a day until January 12, when the former 
dose was resumed. During this time there was a slow but steady improve- 
ment in strength and her ability to use her^ extremities. Her tongue was 
practically normal, she had a good appetite, practically no gross incoordina- 
tion of the upper extremities and could walk about the room ivith support. 
On Janua^’’ 26 she had a slight stomach upset with nausea and subsequently 
her appetite was poor. She had not made any change in her habits or 
taken any of the drugs that have been associated with the development of 
malignant neutropenia. 

She awoke on the morning of February 4 quite tired and after her usual 
breakfast, vomited. Between then and noon she vomited several times. 
When seen at noon she looked pale and exhausted. Temperature, 102° F.; 
pulse, 110. Her throat was slightly red but not more than was to be expected 
from the vomiting. She was given an enema, a hot water bottle and a 
powder containing codein sulphate, J gr., and acetylsalicylic acid, 7 gr., 
every 4 hours. She had a fair day and a good night. On February 5 she, 
felt fairly well and was not seen. That night she vomited and retched most 
of the time and was very hot. When seen on the morning of the 6th she 
was in moderate shock and complained of a very sore throat. Her tempera- 
ture was 99° F., pulse, 144 and respirations, 26. Her whole throat was 
bright red and covered with discrete patches of dry, gray white, tenacious 
exudate. There was practically no cervical adenopathy. The remainder 
of examination was negative except for marked dehydration. She was 
removed to the hospital where her blood showed hemoglobin, 65% (Dare); 
red cells, 2,830,000; white cells, 500, wdth 2% neutrophils and no visible 
platelets. The red cells themselves were remarkably normal. Swabs from 
her throat showed a few heterogeneous bacilli and cocci, no Vincent’s 
organisms, only a few epithelial cells and no pus cells. Two cultures showed 
no diphtheria. She was given 10 cc. of pentose nucleotide and 6 cc. of 
Lederle liver extract intramuscularly, 1000 cc. of 10% glucose ^subcutane- 
ously and normal saline per rectum. She was very weak and could retain 
nothing b}”- mouth. Her temperature rose to 104° F., where it remained 
almost constantly. Her throat and neck remained much the same and 
except for moderate abdominal distention there were no other physical 
foldings. The glucose was repeated every 8 hours and the nucleotide and 
liver extract evei^’' 6 hours. Blood transfusion was refused. On the night 
of February 6, blood examination showed hemoglobin, 60% (Dare); red 
cells, 2,800,000; white cells, 600, with no granulocytes. On the morning 
of the 7th the hemoglobin was 62%; red cells, 2,910,000; white cells, 
500, with no granulocytes. In neither of the last two examinations could 
graniilar cells of any tjq>e be found on any of numerous slides. She 
gradually failed and despite stimulation with caffein, died on the morning 
of Februarj^ 8. 
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Partial autopsy (Dr. T. D. Masters) 8 hours after embalming. “A fairly 
well developed and nourished woman weighing about 95 pounds and appear- 
ing about h2 years old. A midline incision was made and the lower half 
of the sternmn and portions of the fourth and fifth ribs on the right side 
were removed. The gross appearance of these marrows was normal. Addi- 
tional observations were made through this incision. The pericardium 
was smooth and glistening and contained about 30 cc. clear fluid. The 
heart was grossly normal. The various cavities and leaflets were normal 
to palpation. A portion of the rajmcardium was removed. The lungs were 
collapsed. The pleura were smooth and glistening. There was no fluid in 
the pleural cavity. The lungs were crepitant and air-containing every- 
where. The hver was the usual size and shape. Its capsule was smooth 
and shmy. Its surface was yeUow-green and firm and the edges were sharp. 
Because of the restrictions of the permit, no further examination was made.” 

Histologic examination (Dr. William Bloom, University of Cliicago). 
“ The sections of the lung and heart show nothing unusual. The liver tissue 
although badly preserved shows very prominent phagocytes attached to 
the walls of the sinuses, but mthout any e\ddence of increased phagocytosis 
such as occurs in some livers from pernicious anemia patients. No blood 
cell formation could be found and the blood cells circulating in the sinuses 
are exclusively erythrocytes and non-gianular leukocytes; some of the 
latter, however, a)re quite large and suggested stem cells. The marrow from 
the ribs and sternum is exceedingly interesting. Erj^hropoiesis is proceed- 
ing in full blast. Many of the normoblasts have highly constricted poly- 
morphous nuclei. Not a single granular leukocjd;e or myelocyte was found. 
The megakaryocytes are quite prominent and perhaps slightly more numer- 
ous than usual. Scattered through the parenchjTna are more than a few 
plasma cells, frequently in groups. The stem cells are quite prominent 
with their basophil cytoplasm and prominent large nucleoli. One could 
not make a diagnosis of pernicious anemia from the sections in this case 
but the agranulocjd.ic feature is quite prominent. Most of the marrows 
of agranulocytic angina have eosinophil myelocytes, but this marrow con- 
tained no myelocytes of any type.” 

Comment. Similar cases have doubtless occurred but are evi- 
dently rare, as I have been unable to find any record of them in the 
literature. Strumia^ has reported the very interesting relationship 
between agranulocytosis and acute leukemia. There was no history 
of exposure to any of the physical or chemical agents or drugs known 
to produce neutropenia, nor of any previous infection which might 
have had a bearing on the disease. The examination of the bone 
rnarrow showed clearly that the primary defect was in the matura- 
tion of the myeloid series into granulocytic forms (Fitz-Hugh and 
Krumbhaar-). It also showed that the pernicious anemia had been 
adequately treated. Since, at the present time, we know of no 
substance which will produce or promote maturation of granulo- 
cytes there is no reason to suppose that any type of treatment would 
have availed in this particular case. Certainly such a case might 
shake one's faith in the possible efficacy of the treatment of a devel- 
oped neutropenia by liver or liver extract. 
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A Mantjal of Biochemistry. By J. F. McClendon, Professor of Physio- 
logical Chemistrj'^, University of Minnesota Medical School. Pp. 381; 
58 illustrations. New York: Jolm Wiley & Sons, Inc., 1934. Price, 
85.00. 

A CONDENSATION and re^^sion of mimeographed material, this book 
presents unusual material in a somewhat novel manner. Of its six parts, the 
first, presents physico-chemical aspects of biology; the second, inorganic 
compounds; the third and largest section, organic compounds vith biologic 
connections; the fourth, a short summary of the physiology of foods and 
metabolism; the fifth, about 50 pages of practical laboratory work; the 
sixth, a table of ph 5 ’^sical and p%siologic properties of 1000 substances 
with biological connections. The individual reader must decide as to 
whether he likes bis biochemical pabulum in such form. The illustrations 
cover a wide range, none too well. Presumably done in this fashion for the 
sake of economy, some might better have been omitted. Though hardly 
sufficient as a sole support to the neophyte, this book should be a valuable 
aid to many tj’pes of students. E. K. 


The Patient and the Weather. By William F. Petersen, M.D. 
With the assistance of Margaret E. Milliken, S. M. Volume II. Auto- 
nomic Dysintegration. Pp. 530, lithographed; 249 illustrations. Ann 
Arbor, Mich.: Edwards Brothers, Inc., 1934. Price, 86.50. 

The waggish comment by Mark Tv'ain that “everjffiody talks about the 
weather but nobody does anjiiliing about it,” is being refuted by this series 
of five or six volumes. The present belated one, follows Volume III and, 
seemingly, precedes Volume I. It concerns itself with headache, epilepsy, 
eclampsia and premature deliveo% mucous colitis and gastric ulcer, the 
neuroses, urticaria, asthma, arthritis, glaucoma, ear, teeth, hair and thera- 
peutic impHcations. 

In general, the persons considered are those unusuall 5 '- responsive to their 
emuronment and termed by von Bergmann as “ vegetatively stigmatized.” 
Effects occur through changes in temperature, atmospheric pressure, vapor 
pressure and air ionization, bringing about either vascular spasm or relaxa- 
tion, thereby affecting the blood supply to the tissues. Considering an 
acute infection such as appendicitis, it is stated: “actually the bacteria 
invade the organ after an anoxemic injury to the tissues. The sequence is 
not fhst bacterial penetration, then inflammation! On the contrary it is 
first tissue dysfunction — then invasion — and the combination of the two 
results in inflammation.” 

Manj'^ graphs are included and their comprehensiveness may be illus- 
trated by one from a subject vuth arthritis, shoMng the metrograph, the 
Hinirnl and subjective record and in addition the follovdng curves for a 24- 
daj’- period: Basal Metabolic Rate; Leukocjde Count; Methylene Blue 
Reaction Time; Respiratorj’- Rate; Morning Temperature; Systolic and 
Diastolic Blood Pressure; Pulse Rate; Cholesterol ; Phosphates; CO 2 Content; 
Blood pH; K/Ca Ratio; Potassium; Calcium; Serum Protein; Capillary 
Permeability: Blister Time. There is an abundant bibliography but no 
index. N. Y. 
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Diseases of the Rectum and Colon and Their Surgical Treatment. 
By J. P. Lockhart-Mummery, F.R.C.S. (Eng.), M.A., M.B., B.C. 
(Cantab.), Senior Surgeon to St. Mark’s Hospital for Cancer, Fistula, 
and Otlier Diseases of the Rectum, etc. Pp. 605; 250 illustrations. 
Second Edition. Baltimore: William Wood & Co., 1934. Price, 
SIO.OO. 

In the eleven years that have elapsed since_ this book first appeared, the 
advances in diagnosis and treatment have been so numerous that an exten- 
sive revision was obviously in order. Tliis the distinguished author seems 
to have satisfactorily accomplished,, and many will pardon to one of his 
position a dogmatism which at any rate conduces to clarity. The new 
chapter on precancerous conditions is a timely warning of the tendency of 
many benign 'neoplasms to become malignant. E. K. 


The Nervous Patient. A Frontier of Internal Medicine. _ By Charles 

Phillips Emerson, M.D., Research Professor of Medicine, _ Indiana 

University, Indianapolis. Pp. 453, Philadelphia: J. B. Lippincott 

Company, 1935. Price, §4.00. 

The scope of this book is much more inclusive than its title would indi- 
cate. The author makes clear in his introduction that he has an individual 
approach to the “Nervous” patient, including in this category serious 
organic diseases, personality problems, disturbances of the internal secre- 
tions, psychoneuroses and mild insanity. He says, “to understand the 
'nervous’ patients, therefore, we must study not only purely functional 
conditions, but also the early stages of practically every physical and mental 
disease.” Accordingly the author has presented 30 chapters in wliich he 
has included psychopathology, blood chemistry, allergy, the autonomic 
nervous system, organs, as the eye and ear, systems, as the respiratory and 
the gastro-intestinal, with certain organic and “nervous” manifestations 
found in each, the diseases encountered in neurology and psychiatry, includ- 
ing the psychoneuroses, disorders of sleep, disturbances within the sex life 
and suggested treatments for aU. 

Obviously, such an encyclopedia of medicine in 453 pages by one author 
is an ambitious project, and as such is likely to have deficiencies. He feels 
that the approach to the problem from the angle of psychopathology and 
by the psychiatrist is not the solution to the problem of the “nervous” 
patient. He says, “their field and ours overlap but little. Ours, none can 
enter save the internist trained in the accurate diagnosis of that great 
variety of organ dysfunctions which physical disease produces. He alone 
can evaluate those elements which the patient’s disturbed personality 
injects into the clinical picture of organic disease; he aloiie can recognize 
those almost exact imitations of these same organic diseases which have 
their origin in the emotional life of the patient.” 

_ Yet, the author admits being untrained in the field of psychiatry. The 
inference, then, is that either he has peculiar acumen for discerning the inter- 
relations of emotion and body functions, or the psychiatrist has spent his 
yearn of training for naught. Psychiatrists ^vill often fail to agree vdth the 
author’s optimistic concepts of certain entities such as Neurasthenia which 
he would define "as a well unified anxiety condition, developing as an inci- 
dent m the previously efficient life of a person othenvise not psychoneurotic, 
based on some clearly recognized unwelcomed state, physical, social, econo- 
mic, etc., all the psychic elements of which either are clearly in consciousness 
or easily can be brought there, and wliich, once relieved, shows no tendency 
to recur.” 

He invokes the various schools of psychopathology in understanding the 
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neurotic but largely rejects their views in treatment. Such severe neuroses 
as psychasthenia he would treat by, rest, routine, regular schedule, diet, 
Emerson’s Essays, committment of the Psalms to memory and the recital of 
one daily to his physician. He admits that some psychasthenias have been 
helped by psychoanalysis but that these must have been cases in which the 
patient merely accepted his disabilities. 

There are some valuable suggestions in the understanding and manage- 
ment of the “nervous” patient, and occasional short case references. But 
the author’s ambivalent attitude to psychopathology is unfortunate. He 
is repeatedly accepting, then rejecting its value etiologically in a manner 
that would be very confusing to the uninitiated reader who wished to get 
information for the understanding and management of the neurotic patient. 

The author says that his book is intended for the general practitioner. 
It is written in a very interesting readable style, and for a survey of the 
author’s own approach to medical problems it is well worth while. But 
it is not recommended for the reader who might infer from its title and the 
author’s preface that it contained the most recent advances concerning 
the mental and physical disorders of psychogenic nature. 0. E. 


Koronarinfarkt UNO Koronarinsuffizienz. In Vergleichender Elek- 
trokardiographischer und Morphologischer Untersuchung. By Professor 
Dr. Med. Franz Buchner, Vorstand des Pathologischen Instituts am 
Horst-Wessel &ankenhaus der Stadt, Berlin; Professor Dr. Med. 
Arthur Weber, Vorstand des Balneologischen Universitatinstituts in 
Bad Nauheim, Dr. Med. Berthold Haager, Assistent am Balneolo- 
gischen Universitatsinstitut in Bad Nauheim. Pp. 104; 116 illustrations. 
Leipzig; Georg Thieme, 1935. Price, Rm. 15. 

Electrocardiography seems now to have reached a development that 
requires specialized presentation. Only one field is covered in this book,, 
the comparison of electrocardiographic and morphologic changes in coronary 
disease. Produced from the Horst Wessel Hospital with the aid of the 
Notgemeinschaft der Deutschen Wissenschaft, tliis work in its introduc- 
tion shows a refreshing acquaintance with the contributions from other 
countries and a willingness to accord them proper significance. It is regret- 
table, however, that more experimental findings, the recent work on the 
Thebesian System and Leary’s two types of coronary disease were not 
included, even in tliis short space. 

Two-thirds of the book is made up of the data on 43 cases (protocols on 
the left, electrocardiograms, photographs of the heart, and diagrams of the 
lesions on the right). This constitutes eiddence of permanent value. The 
labor required from the reader in making interpretations wiU be amply 
repaid liim. E. K. 


Economic Problems of Medicine. By A. C. Christie, M.S., M.D., 
Professor of Clinical Radiology, Georgetoivn University Medical School, 
etc. Pp. 242. New York; The Macmillan Company, 1935. Price, 
S2.00. 

This little volume is from the pen of a practising physician who was a 
signer of the minority report of the Committee on Costs of Medical Care. 
Early chapters concerned with the economic aspects of Medical Education, 
private and hospital practice including the_ training of specialists, the rela- 
tion of the phj’^sician to medical organizations and the community are all 
reflections of the viewpoint of the average intelligent physician. They may 
well be considered as supplementing discussions of these subjects in “Medi- 
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cal Care for the American People,” a work wliich reflects the attitude of 
professional sociologists. 

The author also presents an analysis of medical care under Workmen’s 
Compensation laws, contract practice and the various forms of Health 
Insurance in vogue in Europe. His views on these subjects differ from those 
of the extreme liberal and the sociologist but are set forth without emotional 
display, for which he is to be congratulated. He further supplements the 
much discussed “Medical Care for the American People” by describing 
modest attempts which have been started in a number of communities as 
local solutions to the vexing problems of providing adequate care to all 
people at a reasonable price and with due regard for community responsi- 
bility for its indigent. The author’s suggestions and requirements for a 
comprehensive plan for medical care wiU probably not please the ultra 
conservative physician who wishes nothing changed and will certainly not 
satisfy the professional sociologists who wish to change everything and who 
seem unwilling to await an orderly evolution. It will appeal to the thought- 
ful person, whether lajmian or physician, who prefers moderation in a dis- 
cussion of what is undoubtedly the most important medical problem of our 
generation. E. T., Jr. 


Manual of Diabetes. By J. J. Conybeare, M.C., M.D., Oxon., 
F.B.C.P., Physician to Guy’s Hospital. Pp. 123. New York: Oxford 
University Press, 1935. Price, S2.00. 

The need for a thorough knowledge of the practical details of diabetic 
treatment on the part of the patient as well as the physician receives fuU 
consideration in this book. In fact, information of this kind has, been 
summarized in a lengthy appendix which, as the preface tells us, is sold 
separately at_ low cost. The main text is on the whole successful in its 
aim “to outline in concise form the general considerations which govern 
the physician’s treatment of diabetes,” though many a ph3’’sician will be 
disappointed in not finding fuller treatment of some detail on which he 
wants more information. E. K. 


NEW BOOKS. 

The Doctor’s Bill. By Hugh Cabot. With an Introduction by A. Law- 
rence Lowell. Pp. 313. New York; Columbia University Press, 
1935. Price, S3.00. 

Geschichte der Physiologisclien Cliemie. By Dr. Fritz Lieben, Privatdozent 
an der Universitat, Wien. Pp. 741. Wien; Franz Deuticke, 1935. 
Price, M. 20. 

Some Notable Epidemics. By H. Harolb Scott, M.D., F.E..C.P. (Lond.), 
D.P.H., D.T.M. and H. (Camb.), F.R.S.E., Assistant Director, Bureau 
of Hygiene and Tropical Diseases. With a Preface by W. W. Jameson, 
M.A., M.D., F.B.C.P., Barrister-at-Law, Professor of Public Health in 
the University of London; Dean of the London School of Hygiene and 
Tropical Medicine. Pp. 272. Baltimore; William Wood & Co., 1934. 
Price, S4.75. 

Medizimsche-chemische Beslimmungsmethoden. Eine Anleitung fur Studier- 
ende der Medizin und fur Laboranten. By Karl Hinsberg, Vorsteher 
der Chemischen Abteilung des Pathologischen Instituts der Charity, 
Berlin; Privatdozent an der Universitat Berlin. Volume 1. Darstellung 
der aUgemein gebrauchlichen und der wichtigsten quantitativen Meth- 
oden. Pp. 93; 29 illustrations. Berlin; Julius Springer, 1935. Price, 
Rm.4.80. 
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The Cosmic Way to True Civilization Through Parenthood. By George H. 
Donahue. Pp. 68, n.p., 1934. (No price given.) 

Syphilis. Ihr biologischer Ursprung und der Weg zu ihrer Ausrottung. 
By Dr. Med. Ferdinand Thugut. Pp. 109. Stuttgart: Ferdinand 
Enke, 1931. Price, Rm. 4.00. 

Clinical Management of Syphilis. By Alvin Russell Harnes, M.D., 
Chief of Congenital Luetic Clinic, New York Hospital. Pp. 71; illus- 
trated. New York: The MacmiUan Company, 1935. Price, S1.50. 

Fifty Years a Surgeon. By Robert T. Morris, M.D. Pp. 347. New 
York: E. P. Dutton & Co., Inc., 1935. Price, 83.50. 

Manual of Diabetes. By J. J. Contbeare, M.C., M.D. (Oxon.), F.R.C.P., 
Physician to Guy’s Hospital. Pp. 123. New York: Oxford University 
Press, 1935. Price, 82.00. (Review, p. 119.) 

Emotions and Bodily Changes. A Surve 3 ’' of Literature on Psychosomatic 
Interrelationships, 1910-1933. Bj'^ H. Flanders Dunbar, M.D., Ph.D., 
Departments of Medicine and Psychiatry, Columbia University. Pp. 
595. New York: Columbia University Press, 1935. Price, 85.00. 

NEW EDITIONS. 

Electrotherapy and Light Therapy. By Richard KovXcs, M.D., Clinical 
Professor and Director of Physical Therapj^, Polyclinic Medical School 
and Hospital, New York; Phj’^sician in Charge Phj’^sical Therapy, City 
Hospital, New York, etc. Pp. 696; 263 illustrations and 1 colored plate. 
Second edition, thoroughly revised. Philadelphia : Lea & Febiger, 1935. 
Price, 87.50. 

This ^ccessful attempt to show the practitioner the possibilities and limitations 
of physical therapy desen'es its reputation as the best book on the subject in 
English. This edition adds a new chapter on the physiologic effects of electricity, 
together with new material on iontophoresis, the physics and use of thermionic 
tubes, diathermic hyperpyrexia and so on. Electrosurgery and light therapy have 
demanded especial additions. 

The Biochemistry of Medicine. By A. T. Cameron, M.A., D.Sc., F.I.C., 
F.R.S.C., Professor pf Biochemistr}'^, Faculty of Medicme, University of 
Manitoba; Biochemist, Winnipeg General Hospital; and C. R. Gilmour, 
M.p., C.M., F.R.C.P. (C.), Professor of Medicine and Chnical Medicine, 
University of Manitoba; Physician, Winnipeg General Hospital. Pp. 
518; 31 illustrations, 17 tables. Second edition. Baltimore: William 
Wood & Co., 1935. Price, 86.00. 

“This book is designed both for the student of medicine receiving clinical 
instruction in the later years of his course, and for the physician who received no 
special instruction in the medical applications of biochemistry. In this new 
edition the chapter on the endocrine secretions has been largely reivritten, and a 
brief account is included of the important discovery of anti-endocrine compounds 
.... New subjects dealt with briefly include von Gierke’s glycogen disease, the 
diseases concerned with incorrect lipoid storage, tyrosinosis, the dinitrophenol 
treatment of obesity, the glycin treatment of myasthenia gra'sds, and the pentose- 
nucleotid treatment of agranulocytosis.” The summary at the end of each 
chapter is a valuable feature, if properly used. ' 

Handbook of Anesthetics. By J. Stuart Ross, M.B., Ch.B., F.R.C.S.E., 
Late Lecturer in Practical Amesthetics, University of Edinburgh, and 
H. P. Fairlie, M.D., Amesthetist to the AVestem Infirmary, The Royal 
Hospital for Sick Children and the Dental Hospital, Glasgow. With a 
chapter upon Local Anesthesia by W. Quarry AFood, M.D., F.R.C.S.E., 
Assistant Surgeon, Edinburgh Roj’’al Infirmary. Pp. 299; 66 illustra- 
tions. Fourth edition. Baltimore: AA'^iUiam AA^ood & Co., 1935. Price, 
84.00. 

Dr. Fairlie, whose name first appeared on this book in the previous edition, 
now assumes sole responsibility; emphasis, however, continues to be laid upon 
first principles. New methods and new apparatus have been conservatively 
added; ether (including 2 lines on diidnyl ether) occupies but 30 pages and chlorc^ ' 
form a paltry 17. "rhe chapter on the choice of anesthetic is valuable and could 
well have_been_further'extended. 
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EECENT ADVANCES IN PERIPHERAL VASCULAR DISEASE. 

In recent years investigation in peripberal vascular disease has 
grown rapidly. The increasing attention to these disorders is reflected 
in tire remarkable growth of the number of clinics established for their 
study. This shift in interest from tlie central to the peripheral vascular 
system has led to the development of a tremendous literature upon 
the subject. 

Etiology. Aricriosdcrosis. The work of Popoff^ on the digital 
vascular system points directly to changes of etiologic importance in the 
peripheral arteriovenous anastomoses in diabetic and arteriosclerotic 
gangrene. The arteriovenous anastomoses, which he terms the glomic 
system, are described in detail, with their local and general functions. 
Comparative studies of the glomic system in arteriosclerotic and dia- 
betic gangrene show that both depend upon a sclerotic process and 
contrary to present views the two processes are not identical. In arterio- 
sclerotic gangrene the changes are due primarily to hyalin degeneration 
in the afferent artery ol the glomus, whereas in " diabetic gangrene the 
intima of the Sucquet-Hoyer canal (the arteriovenous anastomosis 
proper) and that of the preglomic arterioles are the first to show signs 
of primary degenerative changes, while the intima of the afferent artery 
of the glomus remains intact. These changes bring about an under- 
standing of the trophic and vascular changes observed in the digits.” 

The dissections of Wollard and WeddelF in patients witli diabetic 
and arteriosclerotic gangrene also demonstrated distinct differences 
in these two processes. They injected the arteries of amputated legs 
and made arteriolar counts at various levels in the foot. In senile 
gangrene no transformation or new formation of arterioles occurred, 
but in diabetic gangrene there was a tendency for the arterioles to 
increase in both these ways. In senile gangrene the finer vessels actually 
tended to disappear. In thrombo-angiitis obliterans the tendency for 
these vessels to increase was at a maximum. 

^ Raynaud’s disease is described as a localized form of vasoconstrictor 
disturbance characterized by clinical phenomena dependent upon exces- 
sive constriction of small vessels. Lewds and Pickering^ have recently 
published evidence to show that the term Rajmaud’s disease has not 
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been suitably defined, and that it probably cannot be defined to common 
agreement. These authors feel tliat there may be several or many 
quite distinct maladies grouped under the term. That this is undoubt- 
edly true in general usage was shoAvn by Allen and BrovTi"* in an excel- 
lent review applying the criteria of Raynaud to published cases. Ob- 
servations of Raynaud’s own case reports showed a lack of correlation 
with his criteria in some instances. 

Lewis and Pickering use the term "Raynaud’s phenomenon” to 
describe closure of arteries of the size of the digitals vdth resulting 
discoloration of the part. Closure may occur vdth or vdthout local 
nutritional changes. While cooling of an artery causes narrowing due 
to vasomotor constriction and direct response of tlie vessels, experi- 
mentation showed that vasomotor constriction alone was not sufficient 
to close the digital artery. Closure was ascribed to a local fault, the 
nature of which is still obscure. This concept ascribes tlie phenomenon 
of Raynaud’s disease to the bloodvessel itself and not to the nervous 
system. The fact that cooling would not produce changes when the 
vasomotor nerves were sectioned was attributed to insufficient cooling, 
without vasomotor tone. 

Sixteen of 33 cases of intermittent spasm of tlie digital arteries (dead 
finger, for example) gave a family history which lead Levds to believe 
that this phenomenon may often be an inlierited peculiarity. The fact 
that some cases with scleroderma showed skin hardening preceding 
the attacks cast doubt upon the skin changes always being secondary 
to the vasospastic changes, and justified anotlier group. Cases develop- 
ing after inj’ury, vibration, w^orking on air pressure drills and so on, 
he believed constitute anotlier yet obscure group. He did not ascribe 
those cases with bilateral massive gangrene of the ends of the fingers 
to continuous spasm of the arteries. "The attack is too prolonged and 
areas involved too sharply defined and unvarjdng, and the vessels 
could not be opened by warmth or other means as irith all undoubted 
cases of spasm. Evidence of obstruction in the digital vessels has 
been shown in these cases and tliere is no evidence to support the idea 
that the thrombosis could result from the spasm.” Reactive hyperemia 
would prevent it also. Furthermore, spasm is known to occur in 
association with other types of organic obliterative disease. The authors 
point to the problem of spasm as a determining factor in intimal or 
thrombotic changes with resulting obstruction in small arteries, as a 
subject for future study. 

Thrombo-angiitis Obliterans. The etiology of tlirombo-angiitis oblit- 
erans remains unknown. Although most workers hold one of two main 
theories, other theoretical explanations have been brought forward as 
possibilities. The diversity of opinion itself is the best evidence of tlie 
ignorance of the cause of thrombo-angiitis obliterans. The infectious 
Rieory vdth toxin formation and spread, based chiefly on transplanta- 
tion experiments, has found no bacterial support. In Popoff’s^ 
of the arteriovenous anastomosis of tlie digit in thrombo-angiitis 
obliterans he found no support for inflammation or tlirombosis of the 
vessels as a causative agent. He states tliat the glomic system (tlie 
normal arteriovenous anastomosis in the digit) appeared to be free 
from primary specific changes and describes a “ hitherto unknown vascu- 
lar anomaly of the peripheral digital system” as a cause of the trophic 
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and inflammatory changes. This abnormality is the presence of an 
anastomosis between the arteries and veins, differing from the usual 
type in size, structure and topographic distribution. In his normal and 
patliologic material covering 840 individual blocks studied by serial 
sections, he found these abnormal anastomoses only in cases of thrombo- 
angiitis obliterans. He suggests tliat “comparative results of studies 
on the digital glomus demonstrate tliat neiu-ovascular and trophic 
changes observed in the digits in many instances may be due primarily 
to local changes in tlie glomus and not to inflammatory degeneration 
or obstructive changes in the large arteries and veins of the extremity. 
In looking over descriptions of symptomatology in thrombo-angiitis 
obliterans it is significant tliat local chronic cyanosis of the toes may 
precede gangrene of the foot by months and even years and may be the 
only objective sign. Postural color changes in the earliest stages occur 
only in tlie tips of toes.” 

Confirmation of Popoff’s work would modify completely tlie concep- 
tion of thrombo-angiitis obliterans. 

The use of tobacco as a cause of thrombo-angiitis obliterans has been 
a subject of much study. The reviewer finds no reports that increased 
smoking among women has increased the percentage of cases found in 
women. The report by Maddock and Coller^ of diminished skin tem- 
perature following smoking of cigarettes, recently confirmed by Johnson 
and Short,® added impetus to this tlieory. The allergists, too, have 
continued attempts to correlate allergy, tobacco and thrombo-angiitis 
obliterans. Sulzberger^ found that 78% of 79 patients with thrombo- 
angiitis obliterans had immediately positive skin reactions to tobacco 
extracts, but also did 36% of smokers vdthout thrombo-angiitis oblit- 
erans and 16% of tlie non-smokers tested. Prausnitz-Kiistner anti- 
bodies were found in only 1 case. Sulzberger states that, as the positive 
tests in patients with thrombo-angiitis obliterans correlated with clinical 
evidence incriminating tobacco, his results were highly suggestive that 
sensitization of the vascular system to tobacco may play at least a 
contributory role in many cases. Harkavy and Romanoff® conclude 
that the strikingly larger number of positive skin tests to tobacco in 
thrombo-angiitis obliterans (69%), compared to 11% in controls, 
indicate that tobacco is tlie dominating reacting allergen in thrombo- 
angiitis obliterans. Chobot,® however, found many reactions in allergic 
children who never smoked, one being in a child of 3. Of 53 asthmatic 
children from 3 to 12 years of age, only 6 (11%) were negative. The 
results Avere presented to emphasize caution in interpretation of tlie 
diagnostic tests. Their significance is not knovm, but Chobot believes 
it is analogous to what is seen when patients are tested noth solutions of 
morpliin and histamin. 

To demonstrate the diversity of opinion in tlie etiology of thrombo- 
angiitis obliterans, although published 4 years ago, one may mention 
the work of Kaunitz^® on chronic ergot poisoning. A study of the liter- 
ature of epidemic ergotism conAunced Kaunitz that the cause of some 
A'asomotor and trophic disease could be traced to endemic ergotism. 
ObAuously this theory has not been proA'ed. All tlie eAudence is indirect. 
It has long been knoAAm that males are more susceptible to ergot poison- 
ing tlian females and tliat ergotism produces gangrene in young and 
middle aged males but rarely in females. It has also been shoAAm that 
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the rye fields of this country are often contaminated, and that grains 
from some fields are infected so heavily “that every head may have one, 
or more sclerotia.” Kaimitz also quotes Morgan in a description of an 
epidemic of ergot poisoning in England in 1928. Symptoms occurred 
only in Jews who ate rye bread. These data, while interesting, are not 
comdncing, and are offered in this light only. 

In a report of 2 cases of thrombo-angiitis obliterans occurring in 
women, Silbert'^ again remews tlie possibility of the dependence of 
thrombo-angiitis obliterans upon a constitutional hereditary factor. 
Evidence of horizontal and vertical inheritance is very meager in 
reported cases, but the great preponderance of cases in males and in the 
Hebrew race surely suggests such a sex-linked constitutional factor. 

Sporadic efforts to associate etiologically thrombo-angiitis obliterans 
and thrombophlebitis migrans have been made, but usually the latter 
has been considered a separate disease. Many cases have been reported 
without any apparent arterial disease. However, phlebitis as a mani- 
festation of thrombo-angiitis obliterans is well known. d’Abreu'^ in 
England reported a case, cfinically thrombophlebitis migrans for 40 
years, which developed arterial s3Tnptoms and at postmortem proved 
to be one of thrombo-angiitis obliterans. 

Periarteritis Nodosa. The mew that periarteritis nodosa is a mani- 
festation of siTshilis has long been discarded. The course and nature 
of the disease suggests infection as a cause and a gamut of such causes 
has been offered. The filterable virus theory has many adherents, 
but the work of Friedberg and Gross'® in which 4 of 8 cases autopsied 
presented conclusive evidence of rheumatic heart disease . appears ' 
significant. Attention to a possible relationship between periarteritis 
nodosa and rhemnatic fever has been made before. However, the rigid 
criteria of the presence of Aschoff bodies in the myocardium and otlier 
manifestations of rheumatic fever, associated with the typical findings 
of periarteritis nodosa have not been used. Arterial lesions usually 
described in rheumatic fever have other characteristics. 

Erythromelalgia. Lewis'^ has abandoned the term erythromelalgia. 
He believes that a number of diseases, including cases of thrombo- 
angiitis obliterans and other arterial diseases, have been placed in this 
diagnostic pigeon-hole because of the symptom of burning pain. This 
type of pain describes a “susceptible state” of the skin. This is a local 
affair, produced by friction, warmth, and, dependency of the part, 
which, when combined with redness on dependency, usually leads to 
the diagnosis of erythromelalgia. Lews and Hess'® have prembusly 
shown ^at a skin injured in any way may enter this susceptible state, 
became hyperalgesic, with the threshold of heat lowered, and when the 
temperature passes 32° to 34° C. develop burning pain. 

The final criterion for the diagnosis of erythromelalgia has been a 
vasodilatation, generally considered of vasomotor origin, which often 
produces a venous pulsation and an objective increase in the tempera- 
ture of the part. Color may deepen wthout active dilatation, so that , 
color change alone does not signify active hyperemia. Lewis found 
there was very little in reported cases to indicate that the temperature 
of the part was greater than one would expect in any limb under similar 
circumstances, and no objective eHdence appeared to support tlie 
presence of abnormal vasodilatation. There is, therefore, no evidence 
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that abnormal vasodilatation based on vasomotor phenomenon must 
occur. The skin is in the abnormal condition, Lewis states, and when 
an increased blood flow raises the temperature to the proper level, 
burning pain results. There is no evidence that abnormal dilatation 
is necessary. Lews believes that the term “erythromelalgia” should 
be discarded as a term to designate a disease and that some other term 
such as “erythralgia” should be employed to designate the painful 
redness of tlie skin. 

Diagnosis. Subjective Findings. Goldsmith and Brown^® have offered 
a tentative classification of the pain in thrombo-angiitis obliterans 
which is helpful in the diagnosis of the immediate cause of the pain, 
and consequently helpful in the institution of treatment against the 
offending etiologic agent. The classification is based upon an analysis 
of 100 cases. Pain is divided into two major groups: (1) pain on exer- 
cise, and (2) pain at rest. Pain dependent upon exercise may arise 
from phlebitis or intermittent claudication, the characteristics of which 
are well known. Rest pain is of several distinct types. So-called pre- 
trophic pain may be well localized in the feet and hands, is burning in 
character, worse at night, and aggravated on dependency. This type 
appears to correspond to tlie erythralgia of Lews.’'^ The term pre- 
trophic is used because ulcers and gangrene are prone to develop at the 
site of pain. Trophic pain, that of ulcer and gangrene, develops grad- 
ually, is often severe, is stinging and burning in character, and is accom- 
panied by hyperesthesia of tlie part. The characteristics of the pain of 
inflammation vary with tlie location. Arteritis sometimes leads to an 
aching, generalized pain with, of course, coldness of the part, while 
phlebitis leads to a more localized form with tenderness over the veins 
and exacerbations on exercise. Acute occlusion with massive ischemia 
causes a sudden tenderness at the site of occlusion ivith severe general- 
ized pain radiating peripherally. The last classified type, ischemic 
neuritis, is very severe, diffuse, and extends over large areas not always 
corresponding to the distribution of the nerves. It is a paroxysmal, 
tearing pain, wliich may radiate from one end of the extremity to the 
other. Skin discoloration may be associated. Exacerbations may last 
several hours and the pain itself may be present irregularly for 1 to 8 
months. Neurologic studies in these cases may show changes in reflexes 
and sensory nerves. 

Physical Examination. Great stress has been laid upon the palpatory 
findings in the differential diagnosis of vasospastic and organic occlusive 
disease. The importance of establishing definitely the normal varia- 
tions in palpatory findings in the absence of disease, as a groundwork 
for interpretation of the abnormal, has led Reicy to study the arterial 
network in the lower extremities in 500 healthy individuals. He found 
absence of the dorsalis pedis pulse in 4%, absence of the posterior 
tibial in 5%, and in 8% the dorsalis pedis was found in a location outside 
the usual position. The study was continued with a dissection of the 
arterial system of the lower extremity in 70 legs of 35 white cadavers. 
It was found that the vessels below the knee presented many variations 
from the usual picture found in textbooks of anatomy. Fifty-tvm (74%) 
of tlie limbs had predominant dorsalis pedis arteries; in 5 (7%) the 
lateral tarsal artery was the larger and in 10 (14%) the lateral tarsal 
was the main artery of the dorsum of the foot. In 7 cases the dorsalis 

VOL. 190, NO. 1. — JULY, 1935 5 



126 


PROGRESS OF ZMEDICAL SCIENCE 


pedis was very small and in 3 was entirely absent. The author offers 
as an explanation for these unusual variations tlie phylogenetic develop- 
ment of the human, and states that “it is plainly due to the relative 
recent transformation in vascular pattern of the human leg and foot 
that tire arterial channels of the dorsum present so variable a character.” 
The posterior tibial arteries in the same study were absent in 4 legs 
(6%) and in 2 (3%) were very small. The phylogenetic explanation is 
extended to these vessels as well. Both tibials and the peroneal are 
described as of recent origin, and in man alone of all primates it is 
stated we find the complete pattern of new connections between the 
popliteal and the arterial supply of the dorsum and sole of the foot. 

It is probably true, then, from Reich’s statistics that in 100 extremi- 
ties with no occlusive peripheral vascular disease the usual palpation in 
the anatomic location of the dorsalis pedis would disclose a pulsating 
artery in approximatelj’- SO. In 14 of these trials it would be necessary 
to palpate more laterallj' in the region of the head of the third meta- 
tarsal bone. In about 4 of the legs the possibilities of feeling a pulsa- 
tion in both regions would exist, but with small arteries this might be 
difficult to determine. In a like number no pulsation at all would be 
formd. For the posterior tibial, approximately 3 of 100 limbs would 
show a very weak pulsation and 3 to 5 no pulsation at all. 

Certain other factors as well may make palpation of the arteries 
difficult. Edema, adiposity, and ligamentous attachments, especially 
in the case of the posterior tibial, sometimes add to the diagnostic 
handicaps. One must agree from this work that, although palpation 
of the arteries of tlie foot is a most important diagnostic procedure, 
the absence of a pulsating artery is not pathognomonic of disease and 
other evidence must be on hand for diagnosis, especially in doubtful 
eases. 

^ That thrombo-angiitis obliterans is not exclusively a disease of the 
extremities, and may add to diagnostic difficulties elsewhere, finds 
further support in 2 recent reports.'®-'® Averbuck and Silbert, in a 
study of the causes of death in thrombo-angiitis obliterans have shown 
that coronary, mesenteric and cerebral thrombosis are not uncommon, 
and that their occurrence in thrombo-angiitis obliterans is not merely 
coincidental. Of 47 cases 22 died of vascular accidents. 

Roenigenography. Search for objective findings to confirm a diagnosis 
of peripheral vascular disease often leads to attempts to demonstrate 
calcium in the arterial wall roentgenologically. The clinical significance 
of such findings in occlusive disease, however, has not been satisfactorily 
established. One finds sporadic reports of occasional cases®® in which 
the more marked calcification occurred in the opposite or non-symptom- 
atic side. Lansbury and Brovui®' have intestigated this problem recently 
to clarify the questions of tlie clinical importance of calcification, the 
possible correlation between calcification and clinical arterial occlusion, 
and tlie possibility of determination of the nature of the occlusive 
process by the presence or degree of calcification. Studies were carried 
out on a group of clinically negative controls from 50 to 80 years of age, 
a group v-ith arteriosclerosis obliterans, and a group with thrombo- 
angiitis obliterans. Results were interesting and enlightening. In 
arteriosclerosis obliterans the findings closely paralleled the_ control 
series with the curve of incidence of calcification in' the various age 
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groups quite similar, but slightly higher in occluded cases. Calcification 
in the age period from 65 to 70 years was greatest in both groups. 
Results indicated that calcification after die fiftli decade was probably 
a normal process and consequently occlusion maj’" or may not be super- 
imposed upon it. In grading tlie degree of calcification it was found 
that no significant correlation could be obtained between the degree 
of calcification and tlie presence of occlusion, except when calcification 
was entirely absent, when the chances of the arteries being open or 
closed were 70% to 30%. 

In tlirombo-angiitis obliterans calcification was less frequent tlian in 
either of the otlier groups for similar age periods. In this disease for 
example, at 54 years of age, calcification occurred in 14% of the patients, 
in die controls in 40 to 50%, and in arteriosclerosis obliterans in a 
somewhat higher percentage. In differentiating die latter disease 
from thrombo-angiitis obliterans one might say, then, diat calcification 
as showm roentgenologically may be of some value. However, demon- 
stration of calcification does not give objective evidence favoring the 
presence or absence of occlusion and one must guard against erroneous 
conclusions from its presence. In die opinion of Lansbm'y and Brown 
degenerative changes, intimal thickening, and medial calcification 
can diminish the lumen of arteries but do not progress to a stage of 
complete occlusion in the larger arteries, and calcification alone widiout 
an occluding thrombosis is not chnically significant. 

Postmortem observation of the arterial lumen may lead to false 
conclusions in arterial patency. Stewart, Birchwood and Wells^^ 
emphasize that in dissecting the coronary arteries one often notes that 
plaques appear to impinge markedly upon the arterial lumen but that 
when these arteries are placed under a tension comparable to that of 
the systemic blood pressure die apparent narrowing may disappear 
and the integrity of die blood column be maintained. Roentgenographic 
confirmation of these changes were obtained by injection of the coronary 
circulation of excised hearts widi radio-opaque media. 

Clinical arteriography, die use of radio-opaque media by intra- 
arterial injections into die living human, is gaining gi’ound as a diag- 
nostic procedure."^-^^ Allen and Camp^® have considered its diagnostic 
value and evaluated die method in reference to the entire group of 
peripheral vascular cases. They have found that approximately 85% 
of such cases can be correctly diagnosed by a good history and thorough 
physical examination. Increases in diis percentage depend upon special 
mediods of study, capillary microscopy, oscillometry, skin temperature 
studies, color changes to posture and die odier special tests. After 
use of these procedures a small number of cases remain in which arterio- 
graphy is die most important diagnostic aid. While most cases do not 
require die procedure, it is extremely important in diose few not diag- 
nosable odienvise. This is exemplified in dirombo-angiitis obliterans 
when the obliteration is in die small digital arteries. The mediod dem- 
onstrates the extent and location of collateral circulation, die location 
and extent of die disease, and die nature of the padiology, not only for 
diagnosis but as a guide to prognosis and treatment as well. 

Vasodilating Procedures. In the past' 10 years the mediods for 
determination of spasm of bloodvessels have increased markedly. 
Not only have diese mediods made possible differentiation of doubtful 
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cases of vasospastic and occlusive disease but they have also made 
possible the determination of the extent of vasospasm present in occlu- 
sive disease. In thrombo-angiitis obliterans, for example, spasm may 
play a dominant or minor role in the symptomatology. If important 
in the symptomatology, operative procedures for relief of spasm are 
very effective therapeutic weapons, but if spasm is of minor importance 
these operations give little relief. As a consequence diagnosis of the 
physiologic state of vasospasm may be more important in instituting 
therapy than the anatomic diagnosis of thrombo-angiitis obliterans. 

A discussion of the well established methods for the estimation of 
vasospasm does not constitute a part of this review. Procedures in 
general use depend upon an interruption of the vasoconstrictor nerves 
between the parts supplied and the central nervous system. The more 
important methods are local anesthesia, sympathetic ganglion block, 
spinal anesthesia, artificial fever by typhoid vaccine, or wrapping patient 
in blankets, heating of the hands or feet, Roentgen ray to the lumbar 
region, and tlie use of drugs. The release of spasm is measured indi- 
rectly by determinations of skin temperature. 

All these methods are not of equal value. The heating of the body 
or extemities, for example, while relativelj'^ simple and without hazard 
is not as effective as spinal anestliesia or high fever. Pickering and 
Hess”® have noted that warming the body of normal subjects produces 
vasodilatation more easily in tlie hands than in the feet. This delay 
occurred when the extremities were exposed to temperatures below that 
of the body and the onset was delayed in cool hands or feet or in one 
cold digit. The fine localization of tlie changes on cooling a part tend 
to rule out sympatlietic action and favor tlie local action of cold on the 
vessels as the cause, so that when the body and digits are cool the vessels 
are constricted both by sympathetic tone and by a direct action on the 
vessels. It is the direct action which delays the response on cooling. 
Observations also suggest that warming removes only a part of vaso- 
constrictor tone from the feet, tlie remainder being permanent unless 
the sympatlietics are blocked. This change explains the failure of vaso- 
dilatation in tlie feet as compared with the hands. The difference in 
response of the fingers and toes is important clinically, for with tliis 
test an incomplete response cannot be used as indication of the presence 
of disease. 

Shaw®® believes tliat the estimation of skin temperature rise is diag- 
nostically useful in vasospasticity of the dermal bloodvessels and is 
particularly applicable to Raynaud’s and other purely spastic conditions. 
However, in occlusive disease, such as thrombo-angiitis obliterans, he 
believes it of only slight value because of possible error, because con- 
siderable hyperthermia is not necessary for tJie relief of symptoms or the 
healing of peripheral lesions, and because, although vasospasticity 
exists in the surface bloodvessels, ganglioneetomy is unable to overcome 
the eft’ects of a complete block of the deeper vessels. 

Miscellaneous Procedures. Recently Bernheim®® has published a 
preliminary report on a simple technique for the interpretation of 
bloodvessel disease of tlie legs. The patient sits with the legs crossed 
and tlie small swing of the foot, which is sjmehronous with tlie cardiac 
cycle, is recorded on a moving drum by a rod fastened to the shoe. 
Bernlieim believes tliis method reveals accurately the state of the cir- 
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culation in the leg and riot pulsations from any one partieular artery 
such as the popliteal. Until furtlier work is done to establish tlie effi- 
ciency of the method one must withhold opinion as to its possibilities. 

Therapy. Advances in therapy in peripheral vascular disease have 
kept pace with, and to a great extent have depended upon, tlie improved 
diagnostic procedures. 

General Proccchircs. Samuels^^ has reported results in thrombo- 
angiitis obliterans with a method of treatment he had described^ previ- 
ously. The routine is marked bj'- extreme conservatism, which he 
regards as obligatory. In over 300 patients in S years he has found only 
one requiring amputation. This constitutes less than 1% as compared 
with 14% or more in the work of others. It is tlie adherence to a general 
outline of therapy, “ an intelligent combination of various fundamental 
factors,” wliich assures success. Briefly the procedure consists of; 
(1) bed rest; (2) abstinence from smoking; (8) intravenous saline injec- 
tions, and (4) local treatment of ulceration and gangrene. Bed rest 
he believes absolutely essential. The lower extremities must be hori- 
zontal. This position controls edema, which even if very localized, 
retards healing and may be the one factor which causes ulceration to 
persist. Smoking he considers harmful. Evidence for tliis is given in tlie 
section on etiology above. Samuels cites the clinical course of gangrene 
as he has seen it in tobacco users as the criterion for vdtliholding tobacco. 
Intravenous saline injections are used to lower blood viscosity upon the 
basis of preidous work by Mayesima, Koga, Willy Meyer, Silbert and 
others. An outline of tlie technique used is given. Local treatment of 
ulceration and gangrene is carried out by adherence to correct surgical 
principles, in order to aid in formation of a line of demarcation, to 
control pain and to maintain asepsis. It is important, he states, to 
control the pain of gangrene until the acute process subsides to avoid 
unnecessary amputation. Samuels feels tliat sj^mpathectomy and gan- 
glionectomy have no place in the treatment of thrombo-angiitis obliter- 
ans. He has found no cases of massive gangrene healed by these 
methods, and the small ulcers or areas of gangrene so treated he believes 
have healed because of the confinement to bed postoperatively. 

Drugs. Theobromin, because of its vasodilating properties centrally, 
has been used in peripheral vascular disease. Scupham,"® who used 
tlie drug previously witli some success in tlirombo-angiitis obliterans, 
has extended his observations to arteriosclerosis witli intermittent 
-claudication, Raynaud’s disease and allied vasospastic disorders.' The 
latter group showed no improvement, but arteriosclerosis and thrombo- 
angiitis obliterans with a large element of spasm responded sufficiently 
well to consider tlie drug a valuable adjunct in their treatment. Best 
results were obtained with theobromin-sodioacetate. Newell and 
Allen,^- however, found best "results witli theobromin sodiosalicylate 
when given intravenously. Results orally were inconstant. Their 
conclusions were similar to Scupham’s in that the drug ivas described 
as of little value in treatment of peripheral vascular disease except as 
an adjunct. 

KoMics®'^ in this journal applied the use of acetyl beta-methylcholin 
to vasospastic disease by iontophoresis. This method does not permit 
definite knowledge of the dosage given. How much of the drug is 
absorbed into the skin and how deeply it penetrates remains for future 
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investigation. The effect is considered to be due to deposition of the 
drug in the superficial tissues and a low absorption with prolonged vaso- 
dilatation. The sldn temperature, where spasm of the peripheral vessels 
was present, increased 4° to 10° for 2 to 4 hours. The place of this 
technique in treatment of I'ascular disease, like that of theobromin, 
is still doubtful. 

Barker and Brown,^"* also in this journal, have reported a definite 
lengthening of time necessary to produce intermittent claudication 
during a standard claudication test in 92% of 55 cases of tlirombo- 
angiitis obliterans and arteriosclerosis obliterans follovfing the intramus- 
cular injection of a pancreatic tissue extract. Similar effects were noted 
in 8 cases of thrombo-angiitis obliterans after intramuscular myoston, 
a skeletal muscular extract. Myoston, however, was beneficial in only 
1 of 5 cases of arteriosclerosis obliterans. In the cases benefited no 
significant rise in skin temperature was noted, indicating tliat tire results 
were not due to vasodilatation but, to theorize, probably through 
supplying some substance to actively contraeting muscle, the result 
of direct action on the ischemic muscle. 

Starr^^ also in tliis journal investigated the effect of three factors, heat, 
desiccation and oxygen, in the treatment of peripheral vascular disease, 
especially in acute occlusion. He found, with tlie use of a constant 
temperature foot cradle, that the optimum temperature for relief of 
pain was 33° to 35° C., approximately that of the skin in the lower 
extremities when vessels are fully dilated. Higher temperature, which 
might be beneficial to a foot with a normal blood supply, often caused 
intense pain. The temperature range 33° to 35° C., Starr believes, 
acts when the normal mechanism is lost by keeping the temperature 
of the tissues at the level at which they are accustomed to function. 
While use of oxygen applied locally can relieve pain and change skin 
color, tlirough its penetration of the skin, resulte were insufficient to 
advocate its routine use. 

Vasomotor Denervation: Besides the general principles of avoidance 
of injury and infection, warmtli, baths, exercises, use of drugs and 
other procedures mentioned previously, those procedures described 
in diagnosis of spasm have been used to relieve vasospasm for therapeu- 
tic reasons. The simpler of these methods are more valuable in demon- 
strating results which can be made permanent by tlie more serious 
techniques, such as ganglionectomy and sympatliectomy. Brovm, 
Craig and Adson^® have recently reviewed the criteria for selection of 
cases for these more serious operations. They reemphasize tliat the 
rationale of the use of operation on tlie sympathetic nervous system 
in occlusive disease is based upon previous demonstration of high degrees 
of vasoconstriction in the non-occluded major and collateral vessels. 
Use of ganglionectomy depends almost entirely upon proper selection 
of cases on this basis. The other factor is the clinical aspect of the case. 
Emphasis is also placed upon the fact that thrombo-angiitis obliterans 
is a disease witli a variable clinical course and after ganglionectomy 
tlu’ombosis may continue to occur, for there is no definite proof that 
such operations prevent its occurrence. 

■\Wiile Brown, Craig and Adson state tliat in 8 years of use tliey have 
had conclusive demonstration of maintained and permanent vaso- 
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dilatation of the periphei-al arteries with ganglionectom}’’, Smitliwick, 
Freeman and "V^diite^^ have observed recurrences of vascular spasm 
after complete sympathectomy in Raynaud’s disease. They do not 
attribute the results to a local fault as Lewis has described it, but believe 
from experimentation that the vascular spasm is a result of sensitization 
to adrenaUn of the sympatliectomized extremity. In tliese cases care 
was taken to insure a complete interruption of the sympathetic path- 
way so that the results cannot be explained on incomplete surgical 
interruption of the pathways, nor on regeneration. Results were more 
permanent in the lower extremities. Reappearance of symptoms oc- 
curred on exposure to cold and also in response to pain and emotional 
stimuli, wliich suggested the possibility of a direct action of adrenalin 
upon the bloodvessels. Hypogtycemia, which also mobilizes adrenalin, 
produced the same results. Intravenous adrenalin in doses which 
produce in the blood a concentration similar to that in physiologic 
response of endogenous adrenalin caused a rapid fall in surface tempera- 
ture in the sympatliectomized extremity. The normally innervated 
or partially sympathectomized parts showed no remarkable changes. 
Further work on animals is necessary to establish the results and to ex- 
plain the discrepancy between results in the upper and lower extremities. 

Parathyroidectomy. Bernheim and Garlock,®® as a result of observa- 
tions to be reported later, have formed the opinion that calcium metab- 
olism is an important factor in Raynaud’s disease and other vasospastic 
states. A mechanism of production of vasospastic phenomenon by 
defective calcium metabolism is no|t evident. They haAm subjected 
6 patients Avith Rajmaud’s disease and scleroderma to parathyroidec- 
tomy, Avho were not benefited by conservatiA’’e treatment. FolloA\dng 
operation they noted marked relief of symptoms. Pain was relieved 
and skin color changed within 24 hours, tlie best results occurring in 
uncomplicated Raynaud’s disease. In scleroderma the skin became 
noticeably softer with partial return of function in fixed joints. ' 

Siiction and Pressure in the Therapy of Peripheral Vasctdar Diseased 
Until recent months, in the absence of spasm in occlusiA^e disease of the 
arteries, there has been no method by Avhich blood floAV could be in- 
creased. True, attempts have been made. Ligation of tire A’-enous 
return had been the subject of iuA’^estigation. Brooks and his associates^® 
had continued their Avork upon this subject. Although tliey had shown 
preAuously that ligation of the vein decreased the blood floAv, results 
also shoAA'ed a reduction in the percentage of gangrene in experimental 
animals. This Avork was extended to patients.^® In 2 cases of localized 
arterial obstruction Avith gangrene marked improvement resulted. 
In 14 cases due to arteriosclerosis results Avere faAmrable in some in- 
stances but they belicA^e tliat favorable results will be obtained only 
in a small percentage of carefully selected patients. 

Suction in the treatment of peripheral Avascular disease dates back 
years; probably the best knoAvn work being Biers’ hj'peremia 
by suction.^i ^ In 1933 tAAm groups in this country, Landis and Gibbon^® 
in Philadelphia, and Herrmann and Reid^-^^-^® in Cincinnati, independ- 
ently published metliods to produce changes in pressure OA^er the 
extremity. Landis and Gibbon based tlieir studies upon tlie sound 
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physical principles embodied in Poiseuille’s law of the behavior of 
fluids in rigid tubes. Poiseuille’s law states: 


Q = volume flow per unit of time 
P = pressure 
R = radius of tube 
n = coefficient of viscosity 
L = length of tube 

It can be seen from this formula that volume flow is directly propor- 
tional to the differential pressure. If, then, an arteiy approaches a 
rigid tube and one cannot increase blood flow by dilating the vessel, 
an increase in the differential pressure will increase the flow to the 
periphery. It would be possible then by increasing the differential 
pressure to increase the blood supply to the extremity in those, cases 
which heretofore had been considered hopeless. Work bj’^ Landis and 
Gibbon upon arterial schema supported this viev^^ and experiments 
upon humans showed that the digital skin temperature could be raised 
in this way in normals and in advanced organic vascular disease.'*® 
Alternate suction and pressure were used with relatively brief periods 
of suction (—80 to —120 mm. Hg for 25 seconds) and brief periods of 
pressure (-{-60 to -fSO mm. Hg for 5 seconds). Further work with this 
method has recently been reported.'*^ Treatment is carried out for 2 
hours twice daily and longer as the patient requires it. Most of tlie 
cases treated were first tried conservatively witli otlrer usual methods 
without benefit. The authors feel that the metliod is worthy of trial 
where ordinary means are ineffectual. Thus with help, temporarily, 
patients are carried over bouts of pain and ulceration, giving time for 
collateral circulation to develop. Results show a diminution in cyanosis, 
abolishment of the rest pain of ischemia, and healing of trophic ulcers. 
Intermittent claudication becomes milder and tolerance to exercise 
is increased. Contraindications to use of the method include active 
or spreading cellulitis and encapsulated pus in the part. Too sihall a 
number of cases have been treated to permit generalizations as yet. 

The work of Herrmann and Reid'*®-^®-'*®’'’® has progressed simultane- 
ously vuth, but independently from, that of Landis. They at first 
used negative pressure alone in cycles lasting 5 minutes, but have 
shortened them until at present four cycles are completed per minute. 
The pressure changes have been changed to —80 mm. Hg and -{-20 to 
-{-lO mm. Hg with 5 seconds for the positive and 10 for the negative 
phase. Treatment periods have been lengthened from 30 minutes to 
1 ■ to 2 hours. More recently Herrmann'*® has added 80 to 100 short 
' oscillations per minute to the cyclic changes so that lymphatic and 
venous obstruction may better be treated. Herrmann and Reid have 
called their method Pavaex (pa-ssive, va-scular, ex-ercise). A com- 
mercial unit is available. 

The technique of alternate suction and pressure has been successful 
in the hands of both groups. In a recent report of Herrmann and Reid'*® 
results in arteriosclerosis are given. Since results seemed to depend 
upon the part of the arterial system affected diagnosis was extended 
by special procedures to localize the sites of greatest clinical importance 
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in each case. Seventy-fi\'e cases wei’c divided into three groups: (1) 
predominant involvement of the major arteries; (2) cases with little 
or no knowledge of disease until tri\dal infection (about one-half of 
these were diabetics); (3) predominant involvement of the arterioles 
of the feet. In the first group, 10 cases, with acute or subacute throm- 
bosis of a major peripheral artery, all had complete relief of all major 
symptoms. In Group 2, 46 cases (43.37%) were completely relieved, 
47.83% greatly improved and S.69% with gangrene required less 
radical amputations than would have been done without the treatment. 
In tlie third group, 19 cases (only 15.7%) were relieved, 42.1% were 
definitely improved and a like number obtained no relief. 

Progress in tlie diagnosis and treatment of peripheral vascular dis- 
ease is well summed up in the closing remarks of Reid®® in his Matas 
Lecture on Vascular Surgery; “Means for estimating peripheral vascular 
efficiency are almost as accurate as the means of estimating the effi- 
ciency of the bloodvessels of the heart and kidney. They are waiting 
to be put into general use by our profession. Once it becomes the 
practice to study the peripheral vessels and to advise people when there 
is a thin margin of safety in the blood supplj'^ of their legs, there are 
many tilings that can be done to avoid those critical periods of pain, 
infection, gangrene and amputation. Then, too, there will be a notice- 
able diminution in the number of patients treated for cramps, meta- 
tarsalgia, fallen arches and rheumatism.” 

William A. Sodeman, M.D. 
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THE DIAGNOSIS AND TREATMENT OF PERTUSSIS. 

Pertussis is a disease which too often has been regarded as trivial. 
Parents are prone to pay little attention until the paroxysms have 
become severe. Even tlien many ivill manifest a philosophy of the 
Stoic so long as they themselves are not the sufferers knowing that in 
the majority of instances that a period of subsidence will develop and 
that sooner or later tlie patient will recover. On the other hand some 
parents will seek their physicians in an attempt to secure relief for 
the little patient. This is not always easy nor prompt, as experience 
has shown that relief is more difficult in direct ratio to tlie length of 
time that the condition has progressed. All in all whooping cough is 
one of the most unsatisfactory of diseases to treat. Consequently the 
differences of opinions of physicians in regard to the efficiency of the 
different therapeutic measures are as variable as the number expressing 
themselves. Some of the procedures used will be enumerated later and 
the ^^e■^vpoints of certain observers vull be given. From both the epi- 
demiologic and therapeutic aspects the greatest difficulty arises from 
the fact that at its onset pertussis presents the same clinical picture 
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as acute rhinitis or acute bronchitis or the pre-eruptive stage of certain 
of the exanthemata. Except in the presence of an epidemic or "with a 
history of contact wth a known case, suspicion of whooping cough 
may not he aroused until the end of the second or the beginning of the 
tliird week, when the cough becomes more exaggerated and more par- 
oxysmal in type. More recent efforts wth the problem of pertussis 
have been in attempting to improve a method for earher diagnosis and 
also in the development of a prophylactic material for the immuniza- 
tion of infants and young children. As will be shown later, encouraging 
results have been observed, and it is to be hoped that vddespread 
immunization will be as successful in reducing epidemics of pertussis 
as it has of diphtheria. 

The picture of pertussis as an acute infection with or Mthout com- 
plications seems to be misleading according to Cockshut.^ He sug- 
gested tliat pneumonia is often not a complication in the true sense, 
but a terminal condition. The patient may die or may recover accord- 
ing to the severity of the original infection, the powers of resistance of 
the patient and similar factors rather than to the extent and severity 
of tlie so-called' complications, '\^^looping cough, at least in its severest 
form, should be regarded as an acute generalized infection. The ordin- 
ary course of the disease is one where the whoop is the dominant feature 
and the patient remains essentially well throughout the illness. In 
the severe type the patient is seriously ill from the beginning. Altliough 
the latter group requires all the benefits of therapeutic development, 
the milder forms also require active treatment, because even these are 
very distressing. 

The result of vaccine treatment of pertussis has been very good in the 
hands of some practitioners, but in the hands of others, apparently 
in the majority, the results have been most disappointing. Because 
of this all vaccines for pertussis were omitted from New and Non-: 
official Remedies in 1931.^ In the 20 years that have elapsed since the 
first introduction of such a vaccine, no conclusive evidence has been 
accumulated regarding the therapeutic efficacy of such preparations. 
The Council held that it was not warranted in retaining pertussis 
vaccines in New and Non-official Remedies. Notwitlistahdinp' this con- 
clusion and action these preparations in the hands of many physicians 
gave results that jvere entirely satisfactory both as prophylactic and 
active methods of treating this most distressing and often most danger- 
ous disease. Bivings^ found pertussis vaccine to be an effective agent 
in the treatment of whooping cough and even more satisfactory as a 
prophylactic method. Undoubtedly he struck the keynote of the 
situation when he emphasized that tlie vaccine must be given in large 
doses to secure maximum results, as a few large doses were far more 
effective than many small ones. He rarely gave more than 4 doses, 
and in the few instances that he exceeded this number it was only to 
give 2 additional doses so that 6 doses were the greatest number of 
doses that were given. His procedure was to give an injection every 
otlier day beginning as soon as possible after establishing the diagnosis. 
In addition to giving too small doses, absence of satisfactory response 
has been due to the intiation of treatment being delayed until the disease 
has become too well developed, for the later in the course the treatment 
IS started •tlie more difficult it is to bring the paroxysms under control. 
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To avoid this in doubtful cases Bivings recommended the use of the 
mixed vaecine as no harmful effects ensue and in event the cough is 
not pertussis, immunity of several months’ duration against pertussis 
is established. In children from 2 to 6 years he commenced vath 0.5 
cc. for the first dose, 1 cc. for the second, 1.5 for the tliird and 2 cc. 
for the fourth. When additional doses were given he used 2.5 cc. for the 
fifth and 3 cc. for the sixtli doses. In the last 2 doses one-half of the 
quantity was injected into each arm or the entire amount between the 
scapulse. 

Schowalter^ studied the statistics of 16 years from the Milwaukee 
County Home for Dependent Children. During the first half of this 
period no vaccine was used, while during the second half of the period 
all children under 6 years received either pertussis vaccine or pertussis 
ectoantigen upon admission to the institution. In this manner over 
2700 children received prophylactic injections. In the first period when 
no vaccine was used, there was 1 year during which no cases of whooping 
cough developed, and another year during which the number totaled 
56. The morbidity rate during this period was 67.5 per 1000 children 
and the mortality rate was 4.9%. During the period when tlie vaccine 
was used the morbidity rate 136.4 per 1000 children and the mortality 
rate Avas 2.9%. It is of interest to note that during the same periods 
in the city of hlilwaukee the morbidity rates for pertussis were 255.5 and 
384.7 respectively per 100,000 population, and the mortality rates were 
2.8% and 0.8% respectively. Thus, while the incidence of the disease 
was greater during the second pei'iod, either the severity was less or 
treatment was of some benefit. 

The therapeusis of pertussis covers a wide variation of remedies 
and procedures. Emetics, antispasmodic cough syrups, special prep- 
arations such as pertussin and diatussin and many other things have been 
used in attempts to lessen the severity of the paroxysms and to shorten 
the course of the disease. Ether has been recommended administered 
by subcutaneous injection or by rectal injection in olive oil. Wildtgrube^ 
recommended the use of a concentrated A^accine made from Bordet- 
Gengou bacilli giA'en as early as possible. He commented, hoAvever, 
that just as good results Avere said to be obtained AAuth injections of milk. 

LeAvis and Barenberg® gave their experiences in regard to the pro- 
phylactic effect of normal Avhole adult blood on the course of Avhooping 
cough. Of 17 children exposed to this disease, 6 Avere given 30 cc. of 
Avhole adult blood and 11 serA^ed as controls. All of these children Avere 
in one Avard and under the same conditions of diet, hygiene and nursing 
care and as all had been exposed to the same source of AA^hooping cough, 
comparative results should be of considerable accuracy. All of the 6 
children Avho receiA’ed blood dcA^eloped whooping cough, AAdiich, hoAV- 
ever, was of lesser scA’^erity than in the control group. Of the 6 children 
so treated the course of the Avhooping cough Avas mild, in 5 instances 
and moderate in 1 case. On tlie other hand of the 11 untreated children, 

2 had mild cases, 3 had moderate cases and 5 had seA^ere cases. It Avas 
necessary to administer codein to 3 of the severe cases in an attempt 
to reduce the number and severity of the paroxysms. The authors 
claimed that the results folloAA'ing the inoculation of Avhole adult l)Iood 
A\-ere definitely superior to those obtained AA'ith the use of pertussis 
vaccine. The use of the dry Lyophile serum of pooled human blood, as. 
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developed by Flosdorf, Mudd, et al. and procurable at the Philadelphia 
Serum Exchange of the Children’s Hospital, greatly simplifies the appli- 
cation of such treatment. 

Epstein^ called attention to his previous report in the same periodical 
in 1932, in which he recommended the use of gold tribromid in the 
treatment of pertussis. In this later paper he reported a study and 
observation of 150 cases of whooping cough in children, two-thirds 
of whom were treated with gold tribromid and one-third, used as a 
control, were treated with the usual antiwhooping cough remedies. 
Using elixir of gold bromid in 100 children he noted that after 3 or 4 
days the cough became less frequent and less distressing, the attacks 
were milder, the vomiting ceased and the sleep was more restful. Out 
of the 100 children 69 were entirely well at the end of 4 weeks, 17 at tlie 
end of 5 Aveeks and 14 at tlie end of 6 Aveeks of treatment. On the other 
hand the 50 children who Avere used as controls and Avho were treated 
with the usual antipertussis drugs did not fare so Avell. No improvement 
Avas noted until tlie end of the second Aveek. Of this control series 24 
Avere entirely Avell at the end of 10 weeks, 18 at the end of 13 Aveeks 
and 8 at the end of 15 weeks of treatment. The use of A^accine in 20 
cases and ether in 5 did not materially influence the results. 

Ellstein® employed many drugs and also the A'accines Avith most 
unsatisfactory results. He treated 30 children with gold bromid 
and Avas greatly pleased AAuth the results. In 20 cases the cough sub- 
sided in 3 AA'eeks; in 7 cases, in 4 AA'eeks; in 5 , in 5 weeks. In all of these 
30 children, after 2 or 3 days’ treatment Avith gold tribromid, the cough 
was less severe, vomiting ceased and the children slept better. The 
dose of the Eli.xir Bromaurate Avas a teaspoonful 3 or 4 times a day 
after meals, or more often when necessary to control the cough par- 
oxysms. 

Barbour® claimed beneficial effect in certain cases of pertussis from 
the administration of Avhole suprarenal gland. He treated 192 patients 
Avith desiccated Avhole suprarenal gland given by mouth at regular 
intervals either throughout the course of their illness or from the time 
he first attended them until the cough ceased. Fifty-six of the cases 
did so well tliat he used no other remedy. He found that the maximum 
dose required Avas from | to 1 grain for infants and from 1 to 2 grains 
for children. Better results folloAved the administration of the supra- 
renal extract AAdien giA^en at 2 or 3-hour interA'^als than larger doses at 
longer intervals. In 38 cases thyroid extract Avas added. In another 
group of 58 cases a foreign serum protein Avas used. In 40 cases com- 
mercial pertussis A^accine Avas used Avitli tlie suprarenal medication. 
From his observations in this study he believed that by combining 
the use of Avhole suprarenal gland by mouth and occasionally Avith 
tliyroid extract and some form of serotherapy a marked decrease in the 
severity and duration of from 80 to 90% of the cases of Avhooping cough 
may be produced. 

^Weisbergi'’ reported a series of 116 cases of whooping cough treated 
witli tussiva. This contains tincture of brj^onia, tincture pulsatilla, 
eucalyptus, and golden antimony sulphid in a concentrated solution. 
In his routine the parents were ad\dsed in regards to hygiene and diet. 
His remedy was gir’en 1 teaspoonful in about 5 ounces of water and 1 
teaspoonful of this mixture Avas giA'en cA’erj^ hour so that the patient 
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received 14 or 15 doses in 24 hours. Infants under 2 years of age 
received half doses, but occasionally it was deemed advisable to alter- 
nate a full dose. The product was readily taken and the author felt 
that definitely good results were produced. 

In any of the many methods of treating pertussis the same handicap 
is encoimtered because of the difficulty in diagnosing this condition in 
the early stage except in epidemics or where there has been a known 
and definite exposure. A fairly early diagnosis may be made by leuko- 
cyte count. A leukocytosis associated ndth a persistent cough especially 
when showing a preponderance of lymphocytes is a fairly conclusive 
evidence of pertussis. The complement fixation and the agglutination 
tests have been used for diagnosis. Neither have been very helpful 
but of the tsvo tlie former showed better results. An early diagnosis 
may be made with the cough plate method. Sauer'^ stated tliat a posi- 
tive plate is indisputable evidence of pertussis, but negative plates do 
not exclude the disease. The same author^^ in a total of 470 cases iso- 
lated tlie Bordet-Gengou bacillus from 88% in the catarrhal stage, 
from 68% in the paroxysmal stage and from none in the stage of decline 
of the disease. This observation showed the value of this method in 
the diagnosis of this disease during the early period when ignorance of its 
presence and carelessness in making contacts favor the development of 
large epidemics. This method should be of very great value -in tlie 
treatment and control of pertussis. A plate culture taken as the patient 
begins to show improvement will establish tlie time at which the patient 
is no longer a source of dissemination of the disease. Sauer’® gave in 
some detail the technique of preparing the culture medium and of 
exposing the plates, as well as the mediods of incubation and inter- 
pretation of the cultures. To the general practitioner or pediatrician 
not having access to a properly equipped laboratory tliis method is of 
no practical value. As a refutation of the last statement Kendrick 
and Eldering’^ described how their laboratory findings have been applied 
in the Grand Rapids Health department in a program of whooping- 
cough control. The exposure of the cough plates was done almost 
entirely by 25 nurses in the Bureau of Public Healtli Nursing. Upon 
the request of a physician the nurse in the particular district secured 
a diagnostic cough plate, and the laboratory findings were reported 
both to the physican and to the City Health Department. If the first 
plate was negative or unsatisfactory and the diagnosis of whooping 
cough had not been ruled out in the meantime, a second plate was 
obtained. While only 22 physicians availed themselves of this service 
during the first year, there were 70 users during the second year. 
Another phase of this metliod according to the autliors is its use in 
releasing from quarantine restrictions cases which have became negative 
bacteriologically as was mentioned previously. 

City, State and Federal reports show that whooping cough differs 
from other contagious diseases in that nearly all of the deaths occur 
before the third j^ear of life. "V^Tiooping cough is relatively benign 
after infancy. This epidemiologic fact emphasizes the urgency for 
attempts at eradication of the disease during the early years of life 
and warrants an immunization especially of infants and children less 
than 3 years of age. The Bacillus pertussis vaccine used now over a 
period of 5| years differs from other vaccines used for pertussis. In 
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addition to tlie older - forms of Bordet-Gengou bacillus it contains 
recently isolated, Hemolytic strains of tlie Bordet-Gengou organism 
and the preparation is made freshly every few months. Another very 
important point is tliat the medium used in its culture contains 20% of 
freshly defibrihated human blood. Sauer'® described how the 48-hour 
growth is scraped off and suspended in physiologic solution of sodium 
chlorid, containing 0.5% of phenol. After a week the pure, sterile 
vaccine is diluted to contain 10 bilhon bacilli per cc. About 650 non- 
immune infants were given the vaccine before any exposm’e had oc- 
curred. The total dosage after 6 montlis of age was 8 cc. In adminis- 
tering the vaccine 1 cc. is injected just under the sldn in the deltoid 
region of each arm. One week later 1.5 cc. are injected under the sldn 
in the biceps region of each arm. After another interval of 1 week 
1.5 cc. are injected in the triceps region of each arm. The youngest 
group of children to whom vaccine was administered consisted of 150 
infants less than 3 months of age. Each of these were given' a total of 
6 cc. Their local and systemic reactions were negligible. The age of 
the main group of non-immune children who received injections in 
tliis series of Sauer, numbering more than 500, ranged in age from 
6 montlis to 4 years, the average age being 14 months. Taking all 
factors into consideration the best age for immunization is betw^een the 
the seventh and the tenth months. In giving the injection the skin 
should be cleansed witli alcohol and tlie syringe and needle should be 
sterilized thoroughly by boiling. Reactions to the injections are chiefly 
local, although transient rise of temperature may occur in from 4 to 36 
hours after an injection. The reactions are due to the bacilli and tlieir 
products both toxin and endotoxin. The cloudiness of tlie vaccine is 
due to the bacilli. The special nature of the suspension is a factor in 
the slow absorption. A transient local redness, tenderness and indura- 
tion may be noted in some instances. No reaction in this series was 
severe enough to necessitate the postponement of the subsequent 
injection. More than 3500 injections were given without the occurrence 
of infection at the site of the injection. Each motlier was told, just 
before and after the first injection and after the subsequent injections, 
that if a local reaction or tenderness should develop she should not be 
concerned. Local reactions usually reached their peak about 24 hours 
after the injection, after which the tenderness rapidly subsided. At the 
time of the subsequent injections a small, circumscribed residual indur- 
ation of the skin or a subcutaneous nodule might be felt. The persistence 
of these small nodules was probably due to the slow absorption which 
results from tlie toxic action of the vaccine on tlie subcutaneous tissues. 
This vaccine contains no foreign serum and will not sensitize, nor will 
it cause anaphylactic reactions, serum sickness or the phenomenon of 
Arthus. The active immunity conferred by the vaccine seemed to 
depend on the potency and the interval of time between injection and 
exposure. This period should be at least 4 months. Adherence to the 
technique of administration is of tlie utmost importance. In tliis paper 
Sauer makes no claims for tliis material as an active therapeutic agent 
in the developed disease. However, bacteriologic houses are now selling 
a preparation containing the hemolytic pertussis organism which they 
recommend for the treatment of the active disease. 

Although Sauer seems to have published more papers on this treat- • 
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ment than any other one person, credit for its development belongs 
to Krueger. The manufacturers call this new preparation Sauer’s 
vaccine j'^et Frawley, Stallings and Nichols'*’ stated that Krueger and 
Krueger, Nichols and Frawley had recently described a method for the 
preparation of a new pertussis antigen. This method of antigen pro- 
duction by endotoxin-producing cells such as streptococci, gonococci 
and Bacilli coli had pre\douslj'^ been developed by Krueger. The essen- 
tial feature of this process is the physical disruption of the living cells 
with the extraction of the endocellular elements without the use of 
heat or chemicals and tliereby obviating denaturation reactions. In 
Germany the new, toxin-free vaccine for whooping cough is called 
“Petein.” According to Krueger"* this was developed by H. Langer 
from 58 strains of B. Bordet-Gengou of the hemophilus type. In its 
preparation the gi'eatest care is taken in preserving the presence of a 
high quota of blood in the medium, and to remove the endotoxin from 
the bacterial bodies, because of the fact peculiar to whooping cough, 
it is not the endotoxin that releases the toxin-antitoxin effect, but it is 
the bacterial bodies that stimulates the formation of the antibodies. 

Frawley'® discussed the results of 2 years’ experience in the prophy- 
lactic treatment of pertussis. Because of the absence of reactions it is 
possible to carry out a vaccination program on large groups of children 
entering school life. Such children are especially in need of prophy- 
lactic vaccination as they are at this time most likely to be thrown in 
contact with the disease. This is much the worst age for contacts, 
although the infants show a much more serious illness from the 
disease. Infants are less exposed to pertussis and usually then through 
older children of the family making contact in school. From the stand- 
point of preventing epidemics immunization of kindergarten and pre- 
school children is of the utmost importance. 

In the treatment of the active case of pertussis several criteria enter 
into the evaluation of inoculations. The first of these in importance 
is the quality of the vaccine. The second is the time at which treatment 
is started and the third is the suggestive component. If inoculation in 
the organic or infectious stage of the disease in infants or in non-suggest- 
ible children stops the vomiting, improves the appetite, reduces the 
number and the severity of the attacks especially the whoop, and finally 
checks all coughing within a reasonable time, a specific effect must be 
granted. Bosenbusch'® recommended tlie use of vaccine although his 
observations were not made -mth the new vaccine which contains the 
Hemophilus pertussis. GundeF® stated that the so-called polyvalent 
whooping-cough vaccines heretofore available were mostly non-specific 
vaccines, consisting for the greater part of B. influenza. He felt that 
the new development containing Hemophilus pertussis promises to be of 
great value in tlie treatment of the active disease in addition to its value 
as a prophylactic agent. 

' Alvin E. Siegel, M.D. 
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Platelets and the Structure of the Blood Fibrin Gel. L. M. Tocan- 
tins (Department of Medicine, Jefferson Medical College).' Platelet- 
free clots show less rigidity, firmness and contractility than platelet- 
rich clots. Observations on platelet-rich and platelet-free recalcified 
oxalated and citrated plasma, heparinized plasma, thrombopenic and 
hemophilic plasma undergoing coagulation under tlie microscope, led 
to tlie following results and interpretation of the relation of the platelets 
to the structure and physical properties of tlie blood gel: 

Soon after the fibrin is laid down, intact platelets in tlie interior of 
tlie clot converge toward the fibrin tlireads, adhere to them, and form 
firm knots at their intersections. As these knots are formed the threads 
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become bent, t^\4sted and shortened. By contrast, in platelet-free clots 
or platelet-rich clots to which antiplatelet serum has been added, the 
threads are rarely united and remain straight and tense for a long time. 

It appears that it is by binding the fibrin threads together at their 
intersections that tlie platelets render the clot firm, rigid and elastic. 
It is perhaps while this is taking place and as a result of it that the clot 
undergoes the wsible reduction in volume (syneresis). 

Fibrin does not issue from platelet clumps as generally contended; 
these clumps form around the previously laid fibrin. 

Observations on the Variation of the Diphtheria Bacillus. H. E. 
Morton (Laboratory of Bacteriology, University of Pennsylvania). 
In a study of the diphtheria bacillus from tire standpoint of variation, 
at least four stable colony types were found. By applying the present 
bacteriologic nomenclature to the colony types, we have the smooth 
(S), intermediate (SR), rough (R) and dwarf (D) types of diphtheria 
colonies. A comparative study of these colonial types has shown that 
many of the heretofore described discrepancies in the behavior of the 
diphtheria bacillus can be correlated with colony form. It is tlie SR 
type which is most frequently encountered and which appears to be 
the most pathogenic. The S, R and D types are less pathogenic, but 
not totally avirulent. The SR type shows the characteristic irregularly 
shaped and unevenly staining cells. The S type shows more regularly 
shaped and more evenly staining forms. The R type shows more solid 
staining, shorter and thicker cells and a tendency for the cells to remain 
attached to one another. Organisms in the D type of colonies are very 
minute rods. S and D forms give stable suspensions in physiologic 
saline solution, the R type clumps spontaneously, and the SR type 
gives intermediate reactions. All types give the same feimentation 
reactions, tliere being, however, some quantitative., variations. In 
general, the various colony types show quantitative rather than quali- 
tative variations in the various tests to which they were subjected. 


Relation Between Intracellular Acidity and Roentgen Ray Sensitivity. 
R. E. ZiRKLE (Johnson Foundation, University of Pennsylvania). The 
Roentgen ray sensitivity of Paramoecium and of the spore of the fern 
Pteris longifolia is markedly altered by the presence of penetrating acids 
and bases during irradiation. In tlie fern spore, increase in concen- 
tration of carbon dioxid or hydrogen sulphid first increases and then 
decreases the radiosensiti%4ty, the range of variation being greater than 
1 to 2. Increase in concentration of ammonia first decreases the sen- 
sitivity and then increases it. These changes all occur witli concentra- 
tions that have no effect in absence of Roentgen rays. The sensitivity 
of Paramoecium is similarly altered, except tliat smaller concentrations 
are effective and the effect is complicated by the onset of toxicity of tlie 
penetrating acids and bases themselves. 

In the fern spore the quantitative relations between intracellular 
acidity and radiosensitivity are markedly dependent upon the intensity 
of the Roentgen rays. 

Studies on Osmotic Equilibrium and on the Kinetics of Osmosis in 
Living Cells by a Diffraction Method. Baluuin Lucke, Martin G. 
Larrabee and H. Keefer Hartline (Laboratory of Pathology and 
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Johnson Foundation, University of Pennsylvania). Osmotic equilib- 
rium and kinetics of osmosis of living cells (unfertilized eggs of Arbacia 
punctulata) have been studied by a diffraction method. This method 
consists in illuminating a suspension of cells by parallel monochromatic 
light and measuring, by means of telescope and scale, the angular dimen- 
sions of the resulting diffraction pattern from which the average volume 
of the cells may be computed. The metliod.is far less laborious and 
possesses several advantages over direct measurement of individual 
cells. The average size of a large number of cells is obtained from a 
single measurement of the diffraction pattern and thus individual 
variability is averaged out. The observations can be made at intervals 
of a few seconds, permitting changes in volume to be followed satis- 
factorily. During the measurements the cells are in suspension and 
are constantly stirred. Volumes of cells in equilibrium with solutions 
of different osmotic pressure have been determined. In agreement 
%vith our previous experiments, based upon direct microscope meas- 
urements, we have confirmed the applicability of the law of Boyle- 
van’t Hoff to these cells; tliat is to say, the product of volume and pres 
sure has been found to be approximately constant if allowance be made 
for the volume of osmotically inactive material of flie cell contents. The 
volume of osmotically inactive material was found to be, on the average, 
12% of the initial cell volume; in eggs from different animals tliis value 
ranged from 7 to 20%. Permeability to water of the Arbacia egg has 
been found to average at 22° C. 0.106 micron of water per square micron 
of cell surface, per minute, per atmosphere of difference in osmotic 
pressure. Permeability to ethylene glycol has been found to average, 
at 24° C., 4 X 10“*® molecules, per square micron of cell surface, per 
minute, for a concentration difference of 1 molecule per liter. This is 
in agreement %vith the values reported Ijy Stewart and Jacobs. 


Studies on the Identification of a Compound Isolated From Scallop 
Muscle. Elinor Moore and D. Wright Wilson (Laboratory of 
Physiological Chemistry, University of Pennsylvania). Guanidin com- 
pounds have long been known as constituents of muscle extracts. 
Within the past few years tvm of these, creatin and arginin, have been 
shown to be present as labile phosphoric acid compounds which are of 
great importance in muscle metabolism. Recently several inverte- 
brates have yielded guanidin derivatives of unexpected nature. It is, 
therefore, of interest to find still another member of the series in a 
compound isolated from the extract of the adductor of the deep-sea 
scallop. 

^ Analysis of tlie picrate of this substance for carbon, hydrogen and 
nitrogen, tlie only elements present besides oxygen, points to tlie 
formula C9H18N4O4 for the free compound. The molecular weight 
found is 240, which agrees with 246 calculated from the formula. Tests 
and analytical results show tlie absence of rings. There is no primarj^ 
amino gi'oup, no ordinary peptid bond and no N-alkyl group. The 
four oxygens are thought to be in two carboxyl groups, one of which is 
titrated in alcohol. There must be an asymmetric carbon. The 
presence of a monosubstituted guanidin group is indicated by the 
acetyl-benzoyl and Sakaguchi reactions and by the splitting off of urea 
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with barium hydroxid. The monoprimary amin, CsHigNoO^, formed 
by this treatment, jdelds on oxidation with silver oxid nearly two 
equivalents of carbon dioxid and one of ammonia and also acetaldehyd, 
acetic acid and an amin as yet imidentified. 

It is tentatively suggested that tlie compound may be a derivative 
of arginin, formed by substitution on the a-amino group with propionic 
acid attached through the a carbon. 
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Very little attention has been paid to the histologic changes in the 
pituitary in hypothyroidism. The studies which have been pub- 
lished (chiefly in the German literature) show great variation in 
statement of observations and no agreement in interpretations of 
these observations. These discrepancies are probably due partly 
to confusion between acidophils and basophils, which Bailey and 
Davidoff- and Biedermann^ have shown may easily occur by various 
staining techniques, and due partly to previous lack of knowledge 
of the facts that are now established concerning the concrete func- 
tions of the pituitary cells. The present study was made with the 
view of studying the pituitary after thyroidectomy in the light of onr 
recently acquired knowledge of the definite thyroid-pituitary rela- 
tionship. 
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At present the growth hormone of the pituitary is attributed 
to the acidophil (or eosinophil) cells which in the rat constitute 
roughly 32% of the cells, and the gonadotropic hormones to the 
basophil cells which constitute about 15% of the cellsd® The acido- 
phils and basophils are called chromophils because their granules 
take up dyes. The poorly staining chromophobes or chief cells, 
whose activities are unknown, make up the remaining 53% of the 
cells. Severinghaus^® gives a good discussion of the various points 
of view concerning possible transitions of one cell type to another. 

The existence of thyrotropic hormone has been demonstrated by 
pituitary implants and extracts, which produce definite structural 
changes of hj^erplasia in the thyroid and raise the basal metabolic 
rate, the guinea pig being particularly sensitive for its demonstra- 
tion. No one has so far ventured to ascribe the production of this 
hormone to anj'- of the cell tj^ies in the pituitary. Removal of the 
pituitarj^ results in atrophy of the thyroid and decreased basal 
metabolic rate which is ascribed to absence of the thyrotropic 
hormone. 

The present paper is concerned with the structural changes in 
the pituitary resulting from the loss of thyroid secretion. 

Experimental Methods. The white rats used were in most instances 
litter mates, in a few cases rats of the same age but of different litters. 
Thyroids were removed under ether anesthesia, avoiding the parathyroids, 
and growth curves plotted thereafter. The operation was carried out at 
ages varying from 24 to 69 days (average 41 days) . The stunting of gro\vth 
was taken as the criterion for adequate thjnoidectomy. Some cretins and 
controls were kept in the same cage, so as to maintain the same conditions 
of food and environment ; other cretins were kept in a cage alone so as to 
be spared the competition of the larger, more active controls. A few animals 
died spontaneously at early periods after operation, perhaps of parathyroid 
tetany, , with no discovered anatomic lesions except those in the pituitary; 
and, as their pituitaries differed in no way from those of rats intentionally 
sacrificed, their pituitaries are included in the present series. All of. the 
long-time cretins were kiUed with cliloroform when in good condition, at 
the time interval desired up to 10 months after operation. Thirteen male 
cretins were studied (of these 4 died spontaneously), 12 female cretins (of 
these 3 died spontaneously), 3 rats thyroidectomized when adult, and 28 
normal controls. 

Pituitaries were weighed and then fixed in Helly’s fluid. Serial sections 
were made at, first, but it was found that the changes occuiTed quite uni- 
formly throughout the pituitary, so that sections made from four different 
levels of each pituitary were adequate. Frequently control and cretin 
pituitarj”^ were mounted on the same slide so that both were subjected to 
identical staining conditions. The slides were stained with 10 % acid fuchsin, 
rinsed in water, then stained with Mallors’-’s aniline blue orange Gr mixture 
and then rapidly dehj’^drated in 95% and absolute alcohol. ’ Hematoxylin 
and eosin staining is of little value, as basophils are not stained properly 
and a hj'^alin material stored wthin the cells stains pink and is indistinguish- 
able from cell cytoplasm and granules. Giemsa staining was not found 
suitable. Various staining methods advocated for pituitary using acid 
violet were not found to give satisfactory staining for basophils in our 
hands. Formalin fixation gave poor results'. 
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Results. Histologic Changes in the Pituitary. Thyroidectomy 
performed in young rats results in the following characteristic 
sequence of changes in the anterior lobe. At the end of 7 and 9 
days (Rats 3 0 8, 2 0 1-, 4 J 7) there was no definite change. At 
11 days Rat 2 0 2 showed increase in the number of large blue 
granular cells with accentuated outlines indistinguishable from the 
normal cells designated basophils. 

By the 14th and 18th day (Rats T 1, 2 J 2) these basophilic 
elements were greatly increased in size and number (Fig. 2). In a 
few cells there appeared a definite vacuolization, and some were so 
full of fine vacuoles as to appear foamy. Occasionally there appeared 
to be a coalescence of smaller vacuoles to form larger ones. Many 
cells showed masses of a pale blue, homogeneous, hyalin material, in 
which empty vacuoles often occurred. The acidophils were dis- 
tinctly decreased in numbers and in those that remained the gran- 
ules were fading away so that it became very difficult to distinguish 
them from chromphobeS. 

By the 29th day (Fig. 3) in Rats 0 5, R 8, R 4, most of the 
acidophils had disappeared. The majority of cells were altered 
cells with granules which stained indefinitely or distinctly blue, and 
these cells contained a large amount of hyalin material which often 
coalesced to form single globules of large size which almost com- 
pletely filled the cells, pressing the nucleus to one side, while there 
still remained an equal number of finely vacuolated cells which 
did not contain hyalin material but rather a finely granular pre- 
cipitate or remains of granular cytoplasm in an otherwise empty 
space. All intermediate stages between these two conditions were 
seen. Much less than half of the cells seen in the slide were chromo- 
phobes. No difference in fat content could be detected histologically 
in pituitaries 21 and 26 days after thyroidectomy (Rats 2 U 4, 
2 U 2, 3 N 5). 

At 33 and 35 days two rats (3 M 7, 3 G) showed the majority 
of cells to be large basophils. Where hyalin material occurred it 
was seen to be in basic staining cells. 

At 37 days, in a very much dwarfed rat (R 5), the pituitary pre- 
sented an astonishing picture (Fig. 4). Most of the cells were 
enormously altered. The transition was still more complete toward 
cells containing dense blue hyalin material, while some still showed 
fine coalescing empty foamy vacuoles. Only on close examination 
could basophils without vacuoles or hyalin material and chromo- 
phobes be identified. Very few acidophils could be found. 

_ By the 48th day (Rat 2 N 1) the fine foamy vacuoles had nearly 
disappeared, and the cells had more the character of “castration 
cells,’’ containing large homogeneous blue hyalin material, displac- 
ing the^ nucleus and cj4;oplasmic granules to one side. The hyalin 
varied in staining reaction, some appearing pale, some dark blue. 

At 56 days, Rat 4 J 4 showed much the same appearance. 
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At 71 days (Rats 3 M 2, 3 B 4) the majority of cells had somewhat 
the “castration cell” appearance. Sometimes masses of cell granules 
were caught in the hyalin material, but usually cell granules were 
displaced to one margin of the cell (Fig. 5). The hyalin material 
became more dense and stained more deeply as time elapsed after 
thyroidectom-s'. Verv few acidophils could be identified in Rat 
3 M 2. 

At 88 days Rat 3 H 2, which had been stunted in growth but 
which had started to grow again, and at 109 days Rat 3 D 1 and 
at 110 days Rat 3 A 3, which had never been dwarfed, were found 
to have thyroidectomy cells but showed the presence of many 
acidophils. Pi’esumably a fragment of remaining thyroid had 
regenerated. These observations support the view that will be 
considered later, that the stunting of growth in the cretin is due to 
loss of acidophils. Acidophils were only found in considerable' 
numbers in cretins when there was re.sumption of growth. 

At 100 days in one rat (3 K 6) qualitatively the same changes 
were found as at 71 days but there seemed to be fewer thyroidectomy 
cells and more chromophobes. Again very few acidophils could be 
found. 

One rat (3 J 6) was a cretin female which had been mated with a 
cretin male and gave birth to a healthy litter of young. She was 
killed 29 days later, 121 days after thyroidectomy. The pituitary 
showed the same changes (Fig. 6), in which the thyroidectomy cells 
resembled somewhat the so-called “castration cells;” but there 
were many acidophils in this pituitary. Had the fetal thyroid re- 
stored to a certain extent the maternal pituitary? 

At 292 days Rat 2 V 2 showed considerable condensation of ■ 
hyalin material and very few acidophils. There were more chromo- 
phobes than “thyroidectomy cells” at this stage. 

Xo histologic differences in reaction of the pituitary could be 
detected between male and female rats. 

Two rats (3 A 4, 3 A 5) that had been thyroidectomized when 
young but had never been stunted in growth were killed 110 and 
124 days after operation. Their pituitaries showed abundant 
acidophils. No conspicuous vacuolation or hyalin material was 
present. Although no thyroid was found grossly at autopsy, pre- 
sumably a slight amount was present which permitted body growth 
and prevented extensive changes in the pituitary. Apparently 
thyroidectomy (including aberrant thyroid tissue) must be complete, 
before extensive changes occur in the pituitary. 

Only a few adult rats were thyroidectomized. In the young rats, 
the stunting of growth is proof of adequate thyroidectomy. In the 
adult rats this proof of adequate operation is out of question. Since 
we are at present interested in cretinism rather than adult myxedema 
we have not attempted the tedious and difficult procedures of basal 
metabolic rate determinations or serial sections of neck organs m 



Fig. 1. — Normal rat pituitary — R 9, as a standard of comparison for the subsequent 
illustrations. In a black and white photograph it is difficult to appreciate the dis- 
tinction in cell types which are obvious in the stained section. The small dark cells (a) 
are acidophils, the large dark cells (6) are basophils, and the indefinite cells (c) are 
chromophobes. (Approximately X o6G.) 

Fig. 2. — Rat Tl killed 14 days after thyroidectomy, showing prominent basophils 
which are increased in number and size. (X 482.) 

Fig. 3. — Rat R 4 djdng spontaneously 29 days after thjToidectomy. Vacuolization 
is advanced, and extensive deposition of hyalin material is seen, (X 482.) 








Fig. 4. — Rat R 5, markedly divarfed and sluggish, was killed 37 days after thyroid- 
ectomy. The majority of cells contains a large amount of hyalin material which 
sometimes stains pale blue, sometimes darker blue. Many small, empty vacuoles 
are seen in cells, sometimes in the midst of hyalin material. Cell granules are seen 
in many cells in between vacuoles and sometimes in the midst of hyalin material. 
Acidophils have largely disappeared. (Ca. X 482.) 

Fig. 5. — Rat 3B4, thyroidectomized at 161 days of age, and killed 71 days later. 
Hyalin material occurs in single dense globules within cells showing basic granules. 
Hyalin material varies greatly in intensity of staining. ( X 506.) 

Fig. 6. — Rat'3 J 6, killed 121 days after thyroidectomy. This rat had givch birth 
to a litter of young 29 daj-s before. “ThjToidectomj" cells” bear soihe similarity 
to “castration cells.” More acidophils were present in this pituitary than is usual 
in cretin pituitaries. (X 523.) 
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order to prove adequate thyroidectomy in the adult animals. How- 
ever, granting these qualifications, it may be stated that 3 adult 
thyroidectomized rats have shown marked vacuolization of baso- 
philic cells and hvalin deposit and reduction in number of acidophils 

(Fig-_ 5)- 

Piivitary Weights. It is repeatedly stated in the literature that 
the pituitary is increased in weight in cretin animals. We were 
interested in determining whether this increase was due to cellular 
or fluid increase. We also wished to see whether the cretin’s pitui- 
tary was increased in weight above that of rats which Avere of the 
same body iveight as the cretin but of a younger age. 



4 -& 

Chart I. — Fluid and solids in pituitaries of cretins and controls. The dark blocks 
indicate dry weights of the pituitaries, the height of the entire column the weight 
of the fresh pituitary before it was dried. The white block or difference between 
wet and dry weights represents fluid in fresh pituitary. 


The pituitaries of several rats were Aveighed as soon as removed, 
dried in an oA'en at about 60° C. until the Aveights Avere constant, 
and left in a desiccator and Aveighed again. The difference betAA'^een 
original and final Aveights represented fluid in the original gland. 
Chart I shoAA's the results in 3 cretins AAuth age controls and one 
body Aveight control. It Avill be seen that the cretin pituitary has 
a real increase in solid as AA^ell as in fluid. 

Often the actual Aveight of the cretin pituitary is greater than 
that of the control rat, but sometimes there is only an increase in 
the percentage Aveight of the cretin pituitary (% of body Aveight). 

When the Aveight of the pituitary is calculated in ratio to body 
Aveight of the rat and this A'alue compared in the cretin Avith its age 
control, the degree of hypertrophy in the cretin reaches its maximum 
quite soon (Chart II). 

When the actual Aveight of the pituitary, rather than its relation 
to body Aveight, is charted, and the cretin compared Avith rats of 
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similar body weight but younger rather than with rats of the same 
age (Charts III and IV), it is found that in the male the pituitary 
tends to be heavier than that of the normal rat of the same body 
weight, but that in the female there is some variation to this rule, 
probably because the pituitary in the female goes through cyclic 
changes in estrus. 



Days after thyroidectomy 

Chaut II. — Degree of hypertrophy is expressed as 

% -iveight of pituitary of cretin 0 Females. 

% weight of pituitary of age control • Males. 

Discussion. It is accepted that there are more pituitary hormones 
than there are histologic cell tjrpes in the pituitary. Presumably, 
therefore, cells of a given histologic tjrpe, such as the basophils, may 
elaborate more than one hormone, just as the simple acinar cells 
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of the pancreas elaborate several different enzymes. ^ After thy- 
roidectomy there is no question of the great increase in basophils, 
which to all appearances, when studied at varying time intervals, 
are the cells which develop the striking vacuoles and hyalin deposits. 
As time increases and the hyalin material becomes condensed in 



Body weight, gm. 


Chaht III. — Pituitary weights plotted against body weights in male rats. 
+ Indicates cretins; • indicates normal rats. 



Body weight, gm. 

Chaht IV. — Pituitary weights plotted against body weights in female rats. 

+ Indicates cretins indicates normal rats. 

Single globules these cells come more and more to resemble the 
histologic appearance of “castration cells.” 

first point for consideration in the interpretation of the 
thyroidectomy cells” is whether they represent degenerative 
changes or secretory phenomena. Staining for fat revealed no 
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fatty degeneration. Moreover, the histologic appearance strongly 
suggests secretion if we compare them with the “castration cells” 
which have repeatedl}' been accepted as representing secretion. 
In work in progress it appears that pituitaries of cretin rats contain 
an abundance of thyrotropic hormone and this may represent an 
excess of thyrotropic hormone, if it is considered as the amount of 
hormone available per unit bodj' weight of rat. The quantitative 
data will be given in a subsequent paper. From this result we feel 
justified in regarding much of the hyalin material as possibly accu- 
mulations of thyrotropic secretion, just as the hyalin material seen 
in castration cells of the pituitary has been shown by implantation 
experiments to represent an excess of gonadotropic hormones. This 
secretion of thyrotropic hormone in a hypothjToid animal seems 
reasonable in view of what is known of the physiologic principles 
of reciprocal relations between organs by which there is maintained 
a condition of equilibrium or “homeostasis” (Cannon®). When there 
is a lack of thyroid secretion therefore, it is possible that there should 
be a compensatory hypertrophy of those pituitary cells which form 
thyroid stimulating hormone, which would act upon any remnant 
of thyroid tissue that was present. Or the deposition of hyalin may 
indicate storage of thyrotropic hormone for which there is no util- 
ization in the absence of the thyroid. In the normal rat pituitary 
isolated basophilic cells can be found containing hyalin material 
and this has been considered to be secretion of some sort. The 
“thyroidectomy cells” manifest this normal secretory appearance 
carried to great excess. 

The histologic evidences of secretion and storage in cretin pitui- 
taries seem greater than any changes in thyrotropic hormone content 
that was found on implantation of the pituitaries. The question 
therefore ailses as to whether these cells are secreting and storing 
other hormones in excess. It soon became apparent that there were 
alterations in the weights of the adrenals and gonads in cretin rats, 
which suggested that there might be alterations in adrenalotropic 
hormone and gonadotropic hormone content of cretin pituitaries. 
Such studies are now in progress. 

Morphologically there are distinct differences between the changes 
in the pituitary resulting from thyroidectomy and those resulting 
from castration. It is only at long intervals after thyroidectomy 
that the cells are somewhat similar to castration cells. The intra- 
cellular globides of “castration cells” are large, smooth, well defined, 
appear to be composed of dense secretion, hyalin in appearance 
when fixed and stained, and push to one side the basophilic granules 
in the cell, but in thyroidectomy cells the secretory accumulation 
has a less regular contour (Fig. 5). We have not seen in early stages 
of “castration cells” the characteristics observed in early stages of 
“tMwoidectomy cells.” In both cases, thyroidectomy and castra- 
tion, there is preliminary to the formation of vacuoles a distinct 
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increase in large solid basophilic cells. In the castration pituitary, 
acidophils are abundant, in the thyroidectomized rat, acidophils 
are strikingly reduced. 

The increased weight of the pituitary in proportion to body weight, 
and the fact that this increase is not due merely to increased fluid 
content, tends to indicate that this is not a degenerative change. 
It might be due to cellular hj’perplasia or to increased content of a 
secretion which contains solids. It is apparent microscopically that 
there is at least a relative increase of cells of basic staining, and of 
chromophobes. Also, since the acidophils have largely disappeared 
and the pituitary is increased in weight, this increase in non-aeidophil 
cells probably represents an absolute as well as relative increase of 
this cell type. The changed proportion in cell types suggests the 
probability of a corresponding change in proportion of hormones 
produced. 

Another point for discussion is the disappearance of acidophil 
cells. This cannot be a matter of pressure atrophy, for in the cas- 
trate pituitary the basophilic hyperplasia is excessive and the entire 
gland is much enlarged, and yet the acidophil cells remain. After 
thyroidectomy, some regressive changes are seen in acidophils but 
these are not obvious. There seems to be a fading away of granules, 
in other words, a dedifferentiation of the cell, perhaps a reversion to 
the chromophobe type. The vacuolated and hyalin-containing cells 
show granules which are basophilic and there is no evidence that 
the acidophil passes directly to the vacuolated cell. Rather do the 
vacuoles seem to be a gradual change occurring in cells of indefinite 
or of basie staining. One point is definite: Since there is extensive 
disappearance of acidophils in the cretin pituitary, these cells cannot 
be the ones which produce the thyrotropic hormone, which is 
definitely present in large amounts in cretin pituitaries. This 
finding, we maintain, refutes the suggestion of Marine, Rosen, and 
Spark, who suggest that “the acidophilic granules contain the thyro- 
tropic factor.” Their statements, it should be noted, are based only 
upon histologic studies of the pituitary under various experimental 
conditions and not upon assay of pituitary potencies by implanta- 
tion, such as we have carried out. 

A point to be emphasized is that the stunting of growth of the 
cretin appears to be due to the extensive loss of acidophils. As far 
as we know, such an explanation for cretin dwarfism has not been 
stated in the literature. The reduction in numbers of acidophils 
has been reported in the literature, but attention does not seem to 
have been drawn to the relation of this to cretin dwarfism. It 
seems apparent from these experiments that the stunting of growth 
in the cretin has its immediate cause in the failure of the pituitary 
to produce growth hormone because of loss of acidophils which in 
turn is due in some way to the loss of thyroid secretion. Only in 
animals which are not stunted in growth did acidophils appear in 
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considerable numbers. The skeletal changes are different, to be 
sure, in cretinism and in pure hypophyseal dwarfism; but though 
qualitatively different, it is easily possible that the failure to obtain 
normal size is due to loss of acidophils in both instances. The 
association of acidophilic tumors or acidophilic hyperplasia with 
acromegaly has been taken as good evidence that the groAvth hor- 
mone is produced by acidophils. The reduction in acidophils in 
cretin dwarfism is another bit of evidence of a different type sup- 
porting the view that growth hormone is produced by acidophils. 

Experiments are now in progress to determine whether the admin- 
istration of thyroid extract will restore the structure of the cretin 
pituitary to normal. 

It is a difficult matter to determine the origin of the “thyroidec- 
tomy cells.” These cells must arise either as an alteration of one 
of the three standard types of cell or from a cell heretofore not 
recognized as an entity. We do not venture to postulate the latter. 
The vacuolation and hyalin deposition is preceded by distinct 
increase in numbers of basic staining cells which we cannot differen- 
tiate from the usual basophils. The dedifferentiation and then 
complete disappearance of acidophils concomitant ivith the rise in 
these thyroidectomy cells strongly suggest that the acidophils are 
the original source of the thyroidectomy cells; that perhaps they 
first become chromophobic in nature by loss of specific granules 
and then differentiate toward the basophil type. However, this is 
mere speculation, and an origin from newly formed basophils cannot 
be excluded. The absence of frank degenerative changes in the 
acidophils in the early stages Avhen some are present suggests that 
they have become transformed in character rather than that they 
have been lost by atrophy and disintegration. 

Previous Studies. Trautman^* in a lengthy article reviews 
extensively the literature on pituitary changes after thyroidectomy 
up to 1916. From the more recent literature, as from the older, 
it is evident that there has been a lack of agreement as to which 
histologic type of cell is involved in the vacuolation, and whether 
this vacuolation is a retrogressive degenerative change or a hjqier- 
secretion. Only occasional studies, as that of Hohlweg and Junk- 
mann,^ and of Severinghaus, Smelser and Clark,^® have been made 
in the light of our recent knoivledge of the thyrotropic hormone. 
As examples of some of the differences of opinion may'be cited the 
folloAA'ing: 

The early German studies of the histology of the pituitary in 
human and experimental hypothyroidism were initiated by the idea 
that the pituitarj’- and thyroid were similar histologically and func- 
tionally and that the pituitarj’^ probably shoived compensator}" 
hypersecretion in the absence of the thyroid. Rogoivitsch,^- in 1889, 
found that the pituitary of rabbits 1 to 10 Aveeks after thyroidec- 
tomy shoAved cells of increased A"olume AA"ith vacuoles, and colloid 
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material in the ground substance. He noted only slight changes 
in the chroinophils. . He interpreted the changes as both degenera- 
tive and hypersecretory. Stieda^^ in 7 thyroidectomized rabbits 
1 to 12 weeks after operation saw no degeneration and no hyperplasia 
but a hypertrophy of the chief cells which showed vacuolization. 
He believed the changes were due to hyperactivity. He noted no 
changes in chromophils. Herring® found no changes in the anterior 
lobe of 3 thyroidectomized rabbits. Kojima® noted in thyroidec- 
tomized rats many large cells with vacuoles and hyalin substance. 
Ordinary “oxiphils” and “basiphils” were few. Poos^^ (extensive 
bibliography) found in thyroidectomized dogs and cats the appear- 
ance of a new cell as the chromophobes disappeared. These thy- 
roidectomy cells he regarded as identical with “Schwangerschafts- 
zellen” (pregnancy cells) and with castration cells. He stated that 
the eosinophils increased relatively and absolutely and he regarded 
this as an expression of hyperfunction. He found young animals 
reacted less than did old ones. Hohlweg and Junkmann^ found 
after thyroidectomy of young rats the disappearance of acidophils 
and the appearance of vacuolated cells which looked like castration 
cells but which proved to be different when the gonadotropic 
potency of the pitiiitaries was tested. They also stated that cretin 
pituitaries showed no increased thyrotropic effect when injected 
into guinea pigs, but studied intervals after thyroidectomy up to 
only 20 days. Bryant'* found in thyroidectomized rabbits a dis- 
appearance of acidophils and hypertrophy of chromophobes with 
later vacuolization and disintegration. He believed there must be 
decreased secretory function. Severinghaus, Smelser, and Clark*® 
have recently described the changes in 9 thj'Toidectomized rats as 
“typical castration cells” with degeneration of acidophils and appear- 
ance of nuclear inclusions. Marine, Rosen, and Spark*® have just 
published histologic studies on goitrous and on thyroidectomized 
rabbits. They found pituitary hypertrophy, and disappearance of 
acidophils, which they attribute to degranulation, but do not men- 
tion basophils or vacuolated “thyroidectomy cells.” Although 
they used Mallory’s stain for some slides, their photomicrographs 
are of sections stained with hematoxylin and eosin, and this staining 
method is such as to make it impossible to recognize the “thyroidec- 
tomy cells,” because with eosin it is impossible to distinguish be- 
tween the smooth hyalin intracellular material and the granular 
cj^oplasm, and hematoxjdin is inadequate for differentiating baso- 
phils. 

Human autopsy material has been studied by a number of Ger- 
mans. Wegelin*® found that the pituitary of a cretin man aged 56 
showed fatty degeneration of the chief cells, eosinophils and to a 
lesser degree of the basophils. Eosinophils and basophils were 
reduced in numbers. He describes the presence of many cells which 
he calls transition cells according to the terminology of Kraus, 
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larger than chief cells, with no granules and staining red with eosin. 
Abrikossof^ found the pituitary of a ivoman aged 52 who had been 
mjxedematous since 25 years of age to show an increased size of 
chromophil cells. MacCallum and Fabyan® found in the case of a 
13-year-old cretin that the chromophobe cells were enlarged, the 
basophils very abundant and striking, and that some eosinophils 
were present but shrunken. Schilder'® described in human hypo- 
thyroidism the appearance of a new cell which may develop from 
a chromophil or chromophobe. He regarded this cell as similar 
to Erdheim and Stumme’s “Schwangerschaftszellen.” He believed 
that there was probably increased activity and made the suggestion, 
keen considering the state of knowledge concerning the pituitary 
at that time, that the clinical manifestations of hypothyroidism 
are not to be attributed solely to the lack of thyroid but are attribu- 
table also to changes in the pituitary. Schultze'^ described in a 
case of aplasia of the thyroid in a woman aged 26 a reduction in num- 
ber of acidophils and basophils ivith the presence of an adenoma 
of chief cells. 

Summary. When thyroidectomy is performed in young rats 
there results stunting of body growth, an increased weight of the 
pituitary due both to increased solids and increased fluid content; 
a marked reduction or nearly complete disappearance of acidophils; 
an increase in the number of basic staining cells; and the appearance 
of great numbers of large cells filled with hyalin substance. These 
“thyroidectomy cells” appear, according to the special staining 
technique used, to be transformed cells containing blue granules. 

The “thyroidectomy cells” appear to be secreting and storing a 
secretory product which is hyalin in appearance. 

It is suggested that the stunting of body growth in the cretin rat 
may be due to loss of acidophils of the pituitary Avhich in turn de- 
pends upon loss of the thyroid secretion. Acidophils seem to dis- 
appear by degranulation rather than by frank degeneration. An 
abundance of thyrotropic hormone was found to be present in 
cretin pituitaries depleted of acidophils, a finding which rules out 
the acidophil cell as the producer of thyrotropic hormone. Since 
there is no atrophy of the adrenals in cretin rats, it is reasonable to 
consider that the acidophils cannot be the producers of the adreno- 
tropic hormone. When thyroidectomy is incomplete, the above 
changes are slight or absent. 
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COMPLETE INSULIN RESISTANCE IN DIABETES. 

By Edgar Wayburn, M.D., 

CLINICAL INSTRUCTOR IN MEDICINE, STANFORD MEDICAL SCHOOL, 

SAN FRANCISCO, CALIF. 

(From the Department of Medicine of Stanford University and from the Department 
of Public Health of the City and County of San Francisco.) 

^ The announcement of the successful treatment of diabetes mel- 
litus AA’ith insulin AA’as hardly confirmed and put on a sound basis 
before there began to appear in medical literature reports of resis- 
tance to its action, hlany of the earlier cases of so-called insulin 
resistance, hoAt’CA’^er, could in the Avords of Labbe' be attributed to 
poor management or errors in interpretation. 

On the basis of the experimental AA’^ork of Hedon and hlcLeod on 
depancreatized dogs, Root- estimated that a completelj’ depancrea- 
tized man would require 200 to 300 units of insulin daily. Undis- 
puted cases of complete insulin resistance in man Avould then be 
those Avhich have a daily requirement aboA’e this figure; i. c., repre- 
senting a complete replacement of the amount of insulin which 
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the body itself is capable of forming. A rather careful search through 
the literature reveals very few such cases excepting those wliich 
first come under observation when in coma and are given an enor- 
mous dosage before they either recover or die. 

In 1927 Lawrence® reported the case of a 19-year-old boy, who had 
had diabetes for 2 years, whose insulin requirement had gradually 
risen, until, on a diet of carbohydrate, 115; protein, 80; fat, 150; he 
was excreting 55 gm. glucose in the urine despite 220 units of insulin 
daily. One day 400 units were given without inliibiting the rise 
of blood sugar after food. Insulin was then stopped for 5 days. 
At the end of this period the patient was in profound ketosis. He 
was rescued with insulin. For a time after this it was found that 
80 units a day controlled the diabetes, although the requirement 
later rose to 160 units. 

Glassberg, Somogyi and Taussig'' described a case of a woman 
with diabetes which, beginning mildly, rapidly became more severe. 
At one time there was a skin sensitivity to insulin. The insulin 
requirement gradually increased over a 9-month period. In the 
course of the next 3 months she received an average daily dose of 317 
units of insulin. In spite of this, acidosis occasionally intervened, 
requiring amazingly large dosage— 1100 units in 1 day. Contrary 
to the usual experience 1 dose seemed more effective than divided 
dosage. This woman spontaneously improved and later behaved 
like an ordinary severe diabetic. 

More cases of insulin resistance are reported in connection with 
hemacliromatosis than with any other disease. Root® reported the 
case of a physician who had known hemachromatosis for 4 years. 
In the course of a few months he became increasingly resistant to 
insulin. In the last 1^ months of life the dosage was advanced 
progressively from 525 to 1600 units daily, without material benefit. 

Allan and Constam® observed for 2 months a man with hema- 
clu’omatosis who used 500 units of insulin daily. One of Wegener’s 
patients® required 300 units of insulin daily to eliminate glycosuria. 
The case observed by Wood and Fitzhugh^ continued to have glyco- 
suria on 175 units daily and larger doses had little effect. Engel’s 
patient® had had diabetes for 9 years, doing fairly well without 
insulin until a short time before admission in a precomatose state. 
The acidosis cleared with fairly small doses of insulin but the blood 
sugar remained high. Although the insulin dosage was advanced 
to around 200 units daily, the glycosuria persisted; shortly before 
death 1365 units were given in 1 day but sugar was found in the 
urine. 

Karr, Skull and Petty® treated a diabetic who had a marked skin 
sensitmty to insulin. Her insulin requirement gradually increased, 
until, over a 4-month period she was receiHng 470 to 620 units 
daily. Various kinds of insulin were given Avith no success. All 
tests indicated she Avas sensitKe to insulin per se. Rabbits Avere 
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sensitized to the patient’s serum. The patient was then given 
intramuscularly 5 cc. of this sensitized rabbit serum. In 1 week the 
insulin dosage was dropped to 150 units daily and after a month 
it was found possible to discontinue it. .... 

That insulin may be comparatively ineffectual during acid.osis is a 
very well-known phenomenon. A few cases which , received an 
extraordinarily large dosage may be mentioned: Byv'^orth'“ gave 
a diabetic with tuberculosis 1715 units. The patient was later dis- 
charged in good condition on 110 units daily. Labbe and Boulin^^ 
followed a case which received 3850 units in 13 days. Pollack and 
Longi2 report a case admitted in acidosis, successfully treated and 
carried for 6 days on 90 to 130 units daily. On the 7th day he 
relapsed into acidosis. He received 470 units this day and 540 
units on the next. Because of a large thyroid gland iodin was given. 
The patient went into shock and died the following day. Necropsy 
showed thrombosis of all branches of the celiac artery. 

Rudy^® had a patient with mild diabetes who developed urticaria 
followed by temporary resistance to insulin. She was given 515 
units in 24 hours. After this it was possible to decrease the dosage 
until none was required by the 11th day. 

Falta and BolleP‘‘ and MacBryde^® working in 'Falta’s Clinic, 
report a series of cases in which relative resistance to insulin is 
brought out. Mauriac,^® Serio,i^ Hausler and H6gler,i® Umber and 
Rosenberg^® and others believe in this type of partially resistant 
diabetes. Such resistance can be gauged by the lack of blood-sugar 
response to small or to large doses of insulin. 

Case Report. M. P. (184535), a 44-year-old, white, divorced telephone 
operator, entered the San Francisco Hospital for the third time on June 11, 
1934. 

For several years she had had an intermittent dry cough. For a year 
this cough had been productive of sputum which later became blood streaked 
In 6 months she had had two hemoptyses of 2 ounces each. She had also 
developed night sweats, afternoon fever, weakness and easy fatigue. Several 
weeks before admission she was examined by a doctor who told her she had 
cavities in the lungs. She had lost 50 pounds in a year. 

Family History. Was negative for tuberculosis. Mother had pernicious 
anemia. 

Past History. _ Included pneumonia in 1904 and 1909, influenza in 1918. 
Diabetes was discovered in 1930. She was in tliis hospital in 1930 with the 
dii^ops of pelwc inflammatory disease. A supravaginal hysterectomy 
and bilateral oophorectomy were done. She had on this admission some 
dysuria and nocturia. 

Physical Examination. An emaciated pale woman l 3 dng in bed and 
coughing frequently. In the mouth were a few loose teeth. No lymph- 
adenopathy. The chest showed bilateral wasting. There was dullness over 
both upper lobes, with flatness and tubular breathing over the right upper 
lobe anteriorly. Moist rdles were heard through the right lung, a few rales 
at the left sternal border. The heart "was not enlarged; sounds were loud 
and regular. Blood pressure 125/80. There was a hernia of a midline lower 
abdominal scar. 
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Laboratory. Hemoglobin, 73%; red blood cells, 3,900,000; white blood 
cells, 10,200 with 52% neutrophils. Urine, acid; specific gravity, 1.018; 
glucose 3+; acetone plus; few pus cells in sediment. Sputum repeatedly 
positive for acid-fast bacilli. Wassennann reaction negative. Sedimenta- 
tion 28 mm. in 1 hour (Cutter). Fasting blood sugar 282 mg/100 cc. 

Roentgen Ray Report. “Extensive pulmonary tuberculosis with multiple 
cavitation.” 




Course. She was never afebrile for more than a few hours, there was 
a daily rise to 99 or 100° F. with occasional elevations to 102°. The 
diabetes was at first controlled on a diet of carbohydrate, 175; protein; 
75; fat, 75 vdth insulin 45-0-35-12 (92 units daily). A month after admis- 
sion, while on the same intake, she began again to excrete large amounts of 
sugar into the urine. The fasting blood sugar which had been 143 mg/100 cc. 
rose to 256 mg. She was kept on the same diet and her insulin dosage 
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was increased. On August 15 slie received 165 units of insulin and excreted 
205 gm. glucose. By August 27 she was receiving 320 units daily while she 
excreted over 87 gm. glucose (Chart I) . The diet was changed to 160-60-60 
while the insulin dosage continued to be pushed up. For a time she seenaed 
to be under, better control, excreting only 7 gm. on August 31 while receiving 
400 units of insulin. However, although she was being given 415 umts 
daily, she again began to excrete more and more glucose, e. g., 122 gm. on 
September 5. On September 6 she was reduced to 70 units. This day she 
excreted 125 gm. of glucose, had an urinary output (4345 cc.) considerably 
liigher than it had been and a 4+ test for acetone in the urine. _ At 5.00 a.m. 
the next morning early signs of coma were observed. In spite of prompt 
efforts to relieve her (including another 100 units of insulin) she became 
unconscious at 8.00 a.m. and died at 11.45 a.m. 

Autopsy (Dr. Alvin Cox). There are many adhesions over both apices, 
over the left diaphragm, through the posterior portion of the right pleural 
cavity and in the interlobar fissures. Extensive cavitation is found in both 
upper lobes. Caseous tuberculosis is found through both lungs, the left lower 
lobe being least affected. The peribronclual lymph nodes are moderately 
enlarged; some show a few gray nodules. The pancreas is grossly normal 
in size and appearance. The uterus has been amputated just above the 
cervix. The tubes and ovaries are surgically absent. The other organs are 
normal. 

Microscopic Examination. Smears from the left pleural cavity show 
clusters of slender acid-fast bacilli. Sections from the lungs show variously 
areas of caseous pneumonia, fat-containing phagocytes, edema, conglomer- 
ate tubercles and fibrosis. There is slight fatty infiltration of the pancreas. 
The Islands of Langerhans and the acini appear normal. Special fixation 
and_ staining reveal no glycogen. The liver shows slight fatty infil- 
tration but no glycogen. The kidneys show slight cloudy swelling and 
fatty infiltration. No glycogen is found. A peribronchial lymph node 
demonstrated several tubercles with giant-cell formation and caseation. 
Tlie colonic mucosa contains eosinophils. 

Comment. This woman was, before June, 1934, a diabetic of 
moderate severity Avho was also suffering from bilateral pulmonary 
tuberculosis, both of wdiich were steadily advancing. On July 20 
she was sugar-free on a diet of carbohydrate, 175; protein, 75; fat, 
75; and 87 units of insulin. In the course of a very days she 
showed very large amounts of sugar in the urine despite huge and 
increasing doses of insulin. 

The attempt was made to keep her on a diet sufficient for the 
tuberculosis and to cover the deficiency of carbohydrate metabolism 
with enougli insulin. For a time it seemed as though this might 
be successful. Later w^hen it obviously was not, an attempt wms 
made to reduce the insulin dosage abruptly.® Tliis was, as is seen, 
followed by a quick exitus. 

^ It is reasonable to suppose that had the insulin dosage been further 
increased, the result would have eventually been the same, as ivas 
the case with Root’s patient.® 

From a study of the chart it wall be seen that this patient’s ability 
to utilize sugar was enhanced by the use of extraordinarily large 
amounts of insulin, but that it was apparently impossible to keep 
her from excreting sugar into the urine until something happened 
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within her obti organism to reduce her resistance. During this 
spontaneous partial remission very little glucose appeared in the 
urine. Then, on doses of insulin larger than before, her resistance 
again increased until there was as much sugar in the urine on 415 
units daily as there had been 3 weeks before on 200. 

However, the proof that the insulin, far in excess of what could 
be utilized, was serving a purpose is shown in the fact that within 18 
hours after a smaller dosage was attempted the patient was in coma 
and within 28 hours she-was dead— although the amount o^ insulin 
was still far in excess of that ordinarily sufficient. 

Certain characteristics of the few cases of complete insulin resist- 
ance reported may be observed: (1) The resistance, as measured 
by the amount of insulin necessary to prevent glycosuria appears 
relatively quickly, usually over the period of a few months, and 
increases progressively. (2) The tolerance to insulin is usually 
proportional to the resistance— evidence of hypoglycemia is rare 
(in this case there were periods of asserted shock, unfortunately 
never checked chemically). (3) The obvious precipitating factors 
are various— severe liver and pancreatic disease, allergy, endocrine 
disturbance, and in this case, infection. It is interesting, that 
despite the relatively common occurrence of severe tuberculosis 
coincident with diabetes, no case of complete resistance in connec- 
tion with infection was found in the literature. (4) There seems 
to be a tendency in some cases, at least, for the resistance to dis- 
appear spontaneously. It may almost be ventured that the phe- 
nomenon of complete resistance to insulin is an independent one, 
coincident with, rather than caused by the apparent etiologic 
factors, and disappearing after a period of time, if death has not 
been caused by the concurrent disease and provided enough insulin 
has been given during the resistance period. The remissions in the 
case of Glassberg and his colleagues have no apparent relationship 
to the treatment. Lawrence’s case improved paradoxically after 
the cessation of insulin with the appearance of ketosis. A tendency 
to excrete less and later more glucose in the urine regardless of the 
insulin dosage may be seen in Chart I. Such reasoning may not 
hold good in hemachromatosis where anatomical changes are 
obvious and resistance seems concomitant with the end stages of 
the disease. 

Although the etiology of resistance to insulin is not known, most 
observers agree in placing the responsible factors outside of the 
pancreas. Hausler and Hogler'® and Hausler and Loewi,2“ inves- 
tigating the occurrence of an insulin-antagonistic substance in the 
blood, found that less glucose was taken up by human erythrocytes 
in vitro from the plasma of human insulin-resistant diabetics and 
from the plasma of dogs with the pancreas completely removed. 
They concluded that the cause of the resistance lies in the inaccessi- 
bility of the body cells to the action of insulin. This substance was 
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named “Glykamin.”^! Allan and Constam® failed to confirm these 

experiments. • 

Himsworth"^ has brought forth evidence to indicate that tlie in- 
sulin excreted by the panereas is inactive and requires an unknown 
activator to transform it into utilizable substance. The absence 
of this companion substance in the blood eould conceivably result 
in the phenomenon of insulin resistance. 

That the liver plays a large role in the production of insulin 
resistance is indicated in the preponderance of cases with liver 
disease and by the. importance of the liver in carbohydrate metab- 
olism. The existence of an anti-insulin in the liver has been postu- 
lated^^ but has not yet been proven. 

Summary. A case of diabetes mellitus, complicated by pulmon- 
ary tuberculosis, in which extraordinarily large amounts of insulin 
were insufficient to check the glycosuria, is presented. Death 
occurred after an attempt was made to reduce the insulin dosage. 
The case is regarded as an example of complete insulin resistance 
and is discussed in relation to other cases of insulin resistance pre- 
viously reported. 
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In 1924, Harris^ called attention to the occurrence of hj-per- 
insulinism and the resulting hypoglycemia. Subsequent papers 
by the same author-’** show that hypoglycemia is associated Avith 
convulsions similar to epileptiform seizures which in some cases 
have been diagnosed as epilepsy. As the data available on the 
blood sugar of epileptics are limited, it ivas felt that a study of a 
fairly large number of epileptics would be of value. 

At Pacific Colony, a state institution for feeble-minded and epilep- 
tics, there are over 150 patients whose condition has been diagnosed 
as idiopathic epilepsy. From this group, 92 patients were chosen 
for fasting blood sugar determinations; 16 non-epileptic patients in 
the same institution, whose diet and living conditions were similar, 
served as a eontrol group. 

The blood samples were taken between 10.30 and 11.00 a.m., 
approximately 4 hours after breakfast. (This time Avas suggested 
by Dr. Harris in a priA'ate communication.) FiA^e milliliters of blood 
were withdrawn from a A^ein in the arm and anah'sis Ai-as started 
immediately. The standard Folin and Wu method for the deter- 
mination of glucose in blood AA-as used throughout the study. 

' A summary of these tests is giA^en in Chart I. It is apparent that 
as a group the epileptic patients shoAved an abnormally Ioaa' amount 
of sugar in their blood. If 80 mg. of glucose per 100 ml. of blood is 
regarded as the lowest leA'el for a normal fasting blood sugar A^alue, 
56.4% of the epileptic patients as compared with 12.5% of the 
control group show subnormal fasting blood sugar A-alues. 

In order to test the constancy of the fasting blood sugar leA'el of 
epileptic patients, repeated determinations AA'ere made on 9 of the 
patients (Chart II). "While a wide A'ariation is seen, it is also noted 
that none of the patients shoAA'ed a fasting blood sugar A'alue that 
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was consistently normal; 11% showed values that were always 
subnormal; and'67% of the patients showed values that were normal 
only 50%, or less, of the times tested. While these results show 
that a single fasting blood sugar determination of an individual is 
of questionable value, the data obtained from- such a large group 
seem to demonstrate the tendency of the group as a whole toward 
subnormal fasting blood sugar values, as do repeated fasting blood 
sugar determinations of an indiAodual. 


Chart I. — Distribution of Fasting Blood Sugars for Epileptics and Non- 

epileptics. 

MS. or Glucose re ft too ml. or eicco 

so ■ St 60-69 70- 7S - 79 SO - ft ff-Tt 9^ -99 /cc-fas’ y/a 


HI - ft P/I ft pries 



Of the 92 epileptic patients whose fasting blood sugars were 
determined, 85 were receiving luminal (phenobarbital), as were the 
9 patients whose fasting blood sugars were rechecked over a period 
of time. The dosage varied from 0.5 to 4.5 grains daily. It has been 
suggested that perhaps the drug itself functions in raising the blood 
sugar level.^ To investigate this possibility, a non-institutionalized 
control took two 1.5 grains of luminal during a period of 12 hours, 
i ns resulted m an increase of 7% in the fasting blood sugar level, 
u uc 1 was normally very constant and on three different tests 
coi-ering several months showed a variation of less than 1 When 
tile symptoms caused by the drug began to wear off, theblood sugar 
^ a lie ropped slowly. While this is not conclusive evidence that 
umma oes raise the blood sugar level, it at least supports an 
existing theop^ If luminal actually does raise the blood sugar level, 
lere vou d be more than 56.4% of the epileptic patients showing 
subnormal sugar values if luminal therapy were not used. 

trlueose tolerance tests were made on 7 epileptic patients who 
vere chosen because of their normal mentality and willingness to 
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cooperate in the experiment. Although they were ordinarily on 
luminal therapy, the drug was not given the night preceding nor 
on the morning of the test, nor was smoking allowed. The fasting 
blood sugar was taken at about 8.00 a.m. Immediately thereafter 
the patient drank a 50% solution containing 100 grams of glucose. 
Sugar determinations were made at approximately half-hour inter- 
vals for the first 2 hours, and at hourly intervals for the following 
4 hours. 


Chart II. Variation in Fasting Blood Sugar Values. 


Patient 

number. 

1 

Date 

(all in 1934). 

4/9 

5/7 

5/10 

6/22 

Blood sugar in 
mg. per 100 ml. 
of blood. 

Ill 

69 

90 

80 

Per cent of dif- 
ference between 
lowest and 
highest value. 

39 

Per cent of the 
times tested 
when normal 
sugar values 
were obtained. 

75 

2 
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.■? 

4/9 
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50 
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80 

42 

50 

5 
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66 




7/20 

75 

, 13 

0 
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10/12 
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10/26 

76 

22 

33 

7 

4/9 

94 




5/7 

72 




6/29 

82 

30 

50 

8 

4/9 

69 




5/7 

74 




7/13 

76 

10 

0 

9 

4/9 

86 




5/7 

62 




5/10 

88 

45 

07 


The experimental curves obtained from the glucose tolerance 
tests fall into three groups, as shown by Graphs I, II and III. On 
the three graphs the experimental curves are contrasted Avith the 
normal curA^e taken from Bodansky.^ 

Group I. CurA’^es that do not deviate greatly from the normal 
curve. Patients in this group aA’^erage but one grand mal seizure 
eA'ery 2 months. 










Gnour I. Type of curve nearest normal. No seizures occurred during test. In the 
first 11 months of 1934, Patients 1 and 2 each had 5 seizures. 



p ^^^normal type of curve. Patient 3 had 2 grand mal .seizures and 

j seizure during the test. In the first 11 months of 19 . 34 , 

^ n* 4 ^ ^ had 13, and Patient 5 had 35 grand mat seizures. Patient 

o,also had many pctvt mal seizures. 
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Groiqj II. Exaggeration of peaks and valleys. Curves whose 
maximum peaks are from 40 mg.% to 50 mg.% higher than the 
normal peak and whose minimum values are from 5 mg.% to 
34 mg.% lower than the normal curve. The general contour of 
the experimental curves is similar to the normal one, but the peaks 
and valleys are greatly exaggerated. The patient (Case 4) whose 
minimum value is only 5 mg.% below the normal amount, aAmrages 
but one grand mal seizure per month. The patients (Cases 3 and 5) 
whose minimum values are 31 mg.%o and 34 mg.% below the normal 
value average from 3 to 4 grand mal seizures per month. 



Group III. Most abnormal typo of curve. Patient 6 had 3 petit mal seizures 
during 1 test, and 5 petit mal seizures during the second test several weeks later. 
Patient 7 had 1 grand mal seizure during the test. Patient G had 9 grand mal seizures 
from the date of his admission, May 19, to December 1, 1934, and in addition had 
averaged about 5 petit mal seizures per .day. Patient 7 had 68 grand mal seizures in 
the first 11 months of 1934. 


Group III. Delayed return to minimum values which are sub- 
normal. Curves which rise similarly to the -normal curve for the 
first half hour but which do not return to the minimum value for 
from 3| to 4| hours instead of the 2 hours exhibited by the normal 
curve, and the minimum A'alues are much lower than shown in the 
normal curve. One patient in this group (Case 6) averages about 







PILLSBURy, kulchar; skin infection 169 

2 grand mal seizures per month and 5 petit mal seizures per day. 
The other patient in this group (Case 7) averages 6 grand mal 
seizures per month. It should be noted that two tests were run on 
Patient 6 and very similar cun-es were obtained in each case. 

Summary. Abnormal carbohydrate metabolism appears to be 
associated with at least one type of epilepsy, as shown by the two 
series of tests here presented. 

1. A study of the fasting blood sugar level of 92 epileptic patients 
showed that although 85 of them were on luminal therapy, which 
may cause a rise in the fasting blood sugar level, 56.4% of the group 
showed subnormal fasting blood sugar levels as compared with 
only 12.5% of the non-epileptic control group. 

2. The glucose tolerance tests pointed strongly to the fact that 
there is a correlation between abnormal glucose tolerance and the 
frequency of the seizures experienced by the patients, both during 
the test and during the patients’ institutional life. However, the 
seizures that occurred during the tolerance tests were as likely to 
occur at medium as at low blood sugar values. Three types of 
response to the sugar tolerance test by epileptics are discussed. 

We wish to express our appreciation for the assistance given the WTiters by Mr. 
H. L. Roberts, Mrs. Pearl McRae and Mrs. Dorothy K. Tyson of Pacific Colony, 
and by Dr. L. W. Case of the Pomona Valley Community Hospital. Without their 
generous cooperation this study would have been impossible. 
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THE RELATION OF EXPERIMENTAL SKIN INFECTION TO 
CARBOHYDRATE METABOLISM. 

The Effect of Hypertonic Glucose and Sodium Chlorid 
Solutions Injected Intraperitoneally.* 

By Donald M. Pillsbury, M.D., 

PHIDADBLrHIA, PA., 

AND 

George V. Kulchar, M.D., 

SAN FRANCISCO, CALIF, 

(From the Department of Physiological Chemistry (D. Wright IVilson, Ph.D., Direc- 
tor) 'and the Department of Dermatology and Syphilology (John H. Stokes, 
M.D., Director), University of Pennsylvania School of hledicine.) 

_ The occurrence of infections of the skin, often of unusual severity, 
IS frequently noted as a complication of diabetes (van Noorden 

* This research was aided by a grant from the Faculty Research Committee of the 
University of Pennsylvania. 
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and Isaac/ Greenwood^). Aside from the vascular disease which is 
sometimes present, an adequate explanation of this phenomenon is 
lacking and there has been surprisingly little study of it experimen- 
tally. It has also been proposed, but not definitely established, that 
skin infections may occur as a result of excessive ingestion of carbo- 
hydrates by non-diabetic individuals. 

The presence of increased amounts of glucose in the skin cannot 
apparently be regarded as the sole explanation of the lessened resist- 
ance of diabetics to infection. Greenwood and Rockwood,^ on the 
basis of a study of a series of diabetic patients having an average 
blood sugar of 198 mg. over a period of 5 years, found that only 
5% of such patients developed skin infections, although fungi were 
recovered from the feet of 70% of their cases and staphylococci from 
the feet of 100%. They conclude that some other factor than the 
hyperglycemia must be operative. Fabry^ has expressed a similar 
opinion. 

Richardson^ has recently demonstrated that the blood of diabetics 
is deficient in antibacterial power, due to an impairment of the 
amboceptor rather than from any lack of activity of the comple- 
ment. He found that this was true of both the natural amboceptor 
as shovm bj'^ bactericidal tests and the acquired amboceptor as 
shown by the increased ability of the blood to form agglutinins. 
Kleinschmidt® found that diets excessive in carbohydrates or fat 
produced no marked difference in antibody formation in non-dia- 
betic dogs. Handmann’' has shown that blood to which 0.5 to 1.5% 
of glucose was added maintained its bactericidal power for sta- 
phylococci in vitro. 

We have encountered only a single study of the effect of glucose 
on experimentally induced infection. Franceschelli® has observed 
a heightening of the \nrulence of streptococci when phlorizin diabetes 
was induced in rabbits. No effect on the virulence of staphylococci 
was noted, however, nor did the injection of large amounts of glu- 
cose into phlorizinized rabbits, result in any change in the virulence 
of bacteria. 

Cornbleet® has observed a retardation of the self-sterilizing 
powers of the skin following administration of 50 to 100 gm. of 
glucose daily to patients. Since the degree of retardation appeared 
to be related to the slovmess vnth which the blood sugar returned 
to the fasting level, Cornbleet believes that the infections of the 
skin which he has observed in patients vdth a lowered carbolij^- 
drate tolerance may be dependent on this factor. Usher'” has shown 
that increases of sugar in the sweat of diabetics may lead to more 
favorable conditions for the growth of fungi and bacteria. 

Numerous attempts to demonstrate a connection between de- 
creased carbohydrate tolerance and infections of the skin by means 
of fasting blood-sugar determinations and glucose-tolerance tests 
have been made. The results of such studies are contradictorj'. 
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as will be seen from the summaries of the literature by Fischer^* 
and by Rudy.^i Pick,“ Miiller/^ Simon/=> Devotod-* Benet /and 
Nepveux^® have reported increased blood-sugar levels in patients 
with furunculosis; Schamberg and Brown/® Rost/’' Fischer/® and 
Narducch® note no significant increase; while Tauber™ reports 
hypoglycemia to be a frequent finding and has noted a favorable 
response to intravenous injections of glucose in furunculosis. 

'To summarize this brief review of pertinent studies, most of 
which are as yet unconfirmed, it is indicated: (1) that while dia- 
betics show a somewhat increased incidence of skin infections, some 
severe diabetics may have an entirely normal resistance to such 
infections and that the presence of increased glucose in the skin is 
not, apparently, the sole reason for decreased resistance to infec- 
tion, (2) that the blood of diabetics is deficient in antibacterial 
power, but (3) that a heightened intake of carbohydrate in normal 
dogs leads to no marked decrease in antibody formation and that 
the simple addition of considerable quantities of glucose to blood 
does not lessen its bactericidal power for staphylococci; (4) that 
phlorizin diabetes heightens the virulence of streptococci but not 
of staphylococci in rabbits; (5) that administration of glucose in 
humans apparently decreases the self-sterilizing power of the skin; 
and (6) that it is doubtful whether or not decreased carbohydrate 
tolerance is more frequently encountered in patients with skin in- 
fections than in normal individuals. 

In view of the contradictory nature of much of the clinical evidence 
concerning the influence of carbohydrate on skin infections and 
the marked paucity of experimental evidence, particularly in 
animals, we have undertaken a study of the effect of parenteral 
administration of comparatively large amounts of glucose on the 
course of experimentally induced skin infections in rabbits. 

Method. Considerable preliminary work on the method of consistently 
producing skin infections was necessary. We obtain only an occasional 
infection following intradermal injection of a suspension of Trichophyton 
gypseum in rabbits. Using various strains of staphylococcus and strepto- 
coccus injected intradermally in broth suspension, infection was obtained 
in a large proportion of rabbits with staphylococcus, but in less than half the 
animals with streptococcus. A greater or less degree of reaction was present 
in all animals injected with a bacterial suspension, but based on the cri- 
terion of recovery of the organism, successful inoculation was considerably 
less using streptococci than with staphylococci. In successful infections 
the degree of reaction to staphylococcus was greater than that to strepto- 
coccus. There was no evidence of symbiotic effect when the two organisms 
were injected mixed in the same broth suspension. The degree of reaction, 
while somewhat dependent on the amount of bacterial suspension injected, 
was not nearly proportional to it. Intradermal injection of sterile broth 
medium produced no reaction. 

successive inoculation and recove^ of the organism from rabbits 
we obtained a strain of S. aureus hemolyticus originally isolated from a case 
0} pyodermia wliich always produced definite infection in the skin when 
injected intradermally. In normal" rabbits, following intradermal injection 
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of 0.5 cc. of a broth suspension of the organism, tlie resulting infection 
varied from an inflammatory nodule 3 cm. in diameter, with a small central 
ulcer, to an ulcer 3 cm. in diameter surrounded by an indurated inflamma- 
tory border 0.5 to 1 cm. wide. Infections of the latter extent were uncom- 
mon, only 3 such bemg encountered in control rabbits. Twenty-four-hour 
broth cultures were used throughout, no bacterial count being done on the 
.suspensions. _ In each set of experiments the same suspension was used for 
intradermal injection in both the control and the glucose-injected animals. 
While none of the data here presented are based on observation of rabbits 
previously infected, we noted no evidence of acquired resistance to tlie 
organism following repeated infection^ofjthe same animal. 


Fig. 1. — Infection of skin of normal rabbit 72 hours after intradermal injection of 
suspension of hemolytic Staphylococcus aureus. 

Varying amounts of 50% glucose solution were injected intraperitoneally 
at varying intervals in annuals infected intradermally. The initial injec- 
tion of glucose was made Avithin a few minutes after the injection of the 
suspension. The infection was produced high on the abdomen and the 
intraperitoneal injections given low down, well away from the site of infec- 
tion. . . „ , 1 , • 

Exact interpretation of the degree of inflammatqiy resjionse following 
intradermal injection of a bacterial suspension is difficult because of the 
variation of the infection in control rabbits and liecause of the variety oi 
criteria Avhich may be considered. It ivas felt, after considerable observa- 
tion, that the extent of the resulting ulceration represented the most reliable 






• Fig. 2. — Extensive necrotic infection of the skin of rabbits receiving 24-hour 
total of 15 gm. glucose per kilo injected at intervals of 4 hours. Skin infected 36 hours 
previous to time of picture. 

Results. In Table 1 it is seen that intraperitoneal administra- 
tion of as much as 7.5 gm. of glucose per kilo in 2 doses in 24 hours 
did not affect the course of the experimentallj'^ produced staphylo- 
coccic skin infection. While such injections constituted a large 
total dose of glucose, it was found that the blood sugar was raised 
during only about 10 hours of the 24. It was therefore decided to 
produce a more continuous and marked hj’perglycemia by frequent 
injections of glucose although the possibility of producing changes 
in water balance was apparent. It was found that following an 
injection of 2.5 gm. glucose per kilo the blood sugar returned to 
normal in about 5 hours. Repeated injections were therefore given 
every 4 hours. The peak of the blood sugar rise was reached in 
about 30 minutes after injection and in 4 hours the value, was 
usually above 200 mg.%. While we were not able to follow fre- 
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quently the blood-sugar values over a period of 36 to 48 hours, our 
data indicate heightening of the peak of the blood sugar following 
successive injections, a slower fall toward normal, and an increasing 
failure to approximate the normal level. 


Table I.— The Effect op Injections of Glucose Inthapebitoneally at Inter- 
vals OF 24 AND 12 Hours on the Experimental Skin Infection. 


Exp. 

1 

No. of 
rabbits. 

Glucose 
per kilo, 
total in 
24 hours. 

Injection 
interval, \ 
in hours. ' 

Dura- 
, tion of 

1 exp- 
in days. 

1 

I Course of skin infection. 

i 

! 

I 

2 injected 

1 control 

1 

2.5 gm. 

24 

, 4 

\ 

' All infection in normal range; infection 

1 in one glucose animal more, and in 
i other less marked than in control. 

II 

2 injected 

I control 

4.0 gm. 

24 

1 

) 

5 

; Infection of one glucose animal slightly 
more marked, the other less marked 
j than control. 

III 

.3 injected 
3 controls 

1 4 0 gm. 

24 

i 

6 

1 

1 

1 

1 Two glucose animals showed less roao- 
1 tion than all controls; one showed 
[ more reaction. All infections within 
usual limits of control animals. 

IV 

3 injected 
2 controls 

7-0 gm. 

( 

i 

12 

0 ! 

1 

i 

1 

1 

All infections within usual limits; one 
: control showed slightly more reaction 
! than glucose animals, the other 

1 slightly less. 

V 

' 3 injected 
, 2 controls j 

i 7.5 gm. 

12 

0 

' All within usual limits. 

VI 

2 injected j 
j 2 controls 

7.5 gm. 1 

12 

1 

0 

All within usual limits. 


Table 2. — The Effect of Injections or 50% Glucose Intraperitoneally at 
4-Hoon Intervals on the Experimental Skin Infection. 


Exp. 

! 

No. of 
rabbit.s. 

Glucose 
per kilo, 

! total in 
j 24 firs. 

Injection 
interval, 
in hre. 

1 

1 Course of skin infection. 

1 

1 

Result. 

No. of 
injec- 
tions. 

1 

ITI 1 

4 injected 

15 gm. 

1 4 

j 

j No. 1 : ulcer 10.5 x 9 cm. 30 hours 

i 

Rccov. 

II 

! 



after first glucose injection 
] No. 2: ulcer 11 x 12 cm. 30 hours 

Died 

0 






after first injection; marked 

1 diarrhea 







No. 3: ulcer 14 x 12 cm. 30 hours; 

Died 

7 




' 

marked diarrhea 

No. 3: ulcer 13 x 10.5 cm. 

Rccov. 

11 


4 controls 



All infections within usual limits 



VIII 

4 injected 

15 gm. 

4 1 

1 No. 1; ulcer 8x8 cm. 1 

Died 

9 



i No. 2; ulcer 4x3 cm. 

Died 

11 





No. 3: ulcer 8x10 cm. 

Recov. 

10 


j 3 controls 



No. 4: ulcer G x 8 cm. 

All within usual limits; no ulcer 

Died 

10 




over 1.5 cm. ’in diameter in 48 
hours j 





Eight rabbits were given 2.5 gm. glucose per kilo every 4 hours 
for periods varying from 36 to 48 hours. The skin infection of all 6 
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showed not only a marked variation in extent as compared to control 
animals but also a difference in character, consisting of a lessened 
degree of inflammatory reaction at the periphery, of the infected 
area and a gangrenous necrotic appearance of the ulcer with less 
production of frank pus. The entire course of the infection was one 
of astoundingly rapid advance, with demonstrably less evidence of 
local tissue resistance to the infection. 



Flo. 3. — Skin infection 3G hours after intradermal injection of staphylococcic 
suspension in rabbit receiving hypertonic NaCl solution intraperitoneally at intervals 
of 4 hours. 


_ Of these 8 rabbits 5 died in from 3 to 7 days after the initial injec- 
tion of glucose. Postmortem examination revealed little or no 
peritoneal fluid; a small amount of free pus was present in one animal 
in which perforation of the large bowel was present. The- liver, 
spleen, pancreas, and intestines of the animals were grossly normal. 
Routine hematoxjdin and eosin sections of the liver revealed no 
marked changes. 

lo determine whether or not the hypertonicity of the injected 
glucose was responsible for the marked increase in the extent of the 
infection in animals injected frequently,' control experiments were 
performed in which a solution of sodium chlorid of approximately 
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the same tonicity as 50'% glucose solution was injected. It will 
be seen from Table 2 that the extent of the skin infections following 
such injections was markedly greater than in normal rabbits and 
that it closely approximated the infection noted after frequent 
injections of glucose. In 4 animals, two of which received 4% 
NaCl and two 2% NaCl solution, the course of the skin infection 
was similar to that of the control animals. 

¥ M 


Table 3.— The Effect of Injection op NaCl Solution of Vahying Strengths 
Intraperitoneally On the Experimental Skin Infection. 


No. of 
rabbits. 

Stienstli 

NaCl, 

%. 

NaCl 
in cc. 

Injection 
interval 
in hrs. 

Course of skin infection. 

Result. 

No. of 
injec- 
tions. 

4 

9 

10 

4 

No. 1: ulcer 5x7 cm. 

Rccov. 

8 





No. 2: ulcer 9x7 cm.; markedly 

Died 

6 





toxic 







No. 3; ulcer 6x7 cm. 

Died 

8 





No. 4: ulcer 3 X 4 cm. 

Recov. 

8 

2 

4 

10 

4 

No. 1; ulcer 2x2 cm. 


12 





No. 2: ulcer 1.5 x 2 cm. 


12 

2 

2 

10 

4 

No. 1; ulcer 1 cm. in diameter 







No. 2: ulcer 1.5 cm. in diameter 



2 

— 

Contro 

1 _ 

No. 1: ulcer 2 cm. in diameter 







No. 2: ulcer 1.5 x 2 cm. 



3 

9 

10 

4 

No. 1: ulcer 5x3 cm. 

Died 

6 





No. 2: ulcer 4x4 cm. 

Died 

7 





No. 3: ulcer 8 x 10 cm. 

Recov. 

10 

2 

2 

Contro 

1— 

Neither ulcer over 2 cm. 




Comment. It is apparent from these results tliat the injection of 
glucose in a dose of 7.5 gm. per kilo divided into 2 doses during 24 
hours did not influence the course of the experimental skin infection 
in rabbits. Such injections were continued for 6 days and, if any- 
thing, the trend in glucose-injected animals was toward more rapid 
healing of the skin. With increase of the dose of glucose to a total 
of 15 gm. per kilo divided into 6 doses during 24 hours, a marked 
increase in the extent of the skin infection was noted within 24 
hours and often within 12. After the infection was ivell established 
in these animals, its advance Avas often eAudent grossly during a 
4-hour period. In rabbits receiving similar amounts of 9% sodium 
chlorid intraperitoneally, the skin infection closely approximated 
that seen Avhen glucose Avas used, indicating that a specific effect 
of glucose as such Avas not the chief factor inAmlved. It would seem 
entirely probable that the changes obserA'ed were due to a disturb- 
ance in fluid balance in the animal. Whether or not a change in the 
fluid balance of the skin itself led to the marked decrease in its 
resistance to infection is not evident. 

It is obvious that experiments inAmhdng frequent injections of a 
h;>'pertonic solution are drastic and unphysiologic. In the initjal 
experiments in Avhich less frequent injections Avere given, the animals 
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only occasionally became toxic, with more or less severe diarrhea. 
In these animals, in spite of a total glucose dosage of 7.5 gm. per 
kilo in 24 hours, which in a 60 kilo man would represent an intake 
of 450 gm., no change in the course of the experimental infection 
was observed. It would seem that extreme and drastic conditions 
must be produced before the experimental skin infection is influenced 
greatly. All the animals receiving hypertonic glucose or sodium 
chlorid solution at frequent intervals eventually showed some evi- 
dence of toxicity, varying from slight listlessness to marked exliaus- 
tion. Moderate to severe diarrhea was always present and the 
urinary output was considerably increased. No direct correlation 
between the objective evidence of toxicity and the extent of the 
skin infection was noted; quite as commonly very toxic rabbits 
showed less evidence of skin infection than animals in which the 
injections were relatively well borne. In this connection we had 
the opportunity of observing several animals which contracted 
pneumonia shortly after the skin was infected. Although almost 
all the animals died, the extent and course of the skin infection was 
entirely comparable to that seen in normal rabbits. 

Summary. The parenteral administration of glucose at 12-hour 
intervals in a dose of 7.5 gm. per kilo for a period of 6 days had no 
effect on an experimental staphylococcic skin infection in the rabbit. 

When the dose of glucose was increased to a total of 15 gm. per 
kilo in 24 hours, given at intervals of 4 hours, a very marked increase 
in the extent of the experimental skin infection was noted (within 
24 hours). 

A similar effect was noted following injection of sodium chlorid 
solution of the same tonicity and in similar amounts. 

An investigation of the effects of dehydration and acidosis on 
experimental skin infection is planned, as well as that of glucose 
administered by mouth. 

We wish to acknowledge the valuable technical assistance of the Pepper Labora- 
tory of the University Hospital in the bacteriological phase of this study. 
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(From the Pennsylvania Hospital.) 

The cases of lymphopathia venereum considered in this communi- 
cation were seen at the Pennsylvania Hospital during the past 2 
years. The studies of DeWolf and VanCleve' and Cole- of Cleveland 
have brought this subject to the attention of the medical profession 
of this country. Sulzberger and Wise® have suggested the name 
lymphopathia venereum. It is a less confusing and more accurate 
term than lymphogranuloma inguinale and we have adopted it. 

Lj'^mphopathia venereum is a chronic venereal disease, caused by 
a filterable virus.^'® The transient and often herpetiform primary 
lesion of the skin is followed, in from 2 to 6 weeks, by the develop- 
ment of a characteristic subacute or clironic inflammatory reaction 
in the regional lymph nodes. Suppuration usually occurs; fistulas 
and sinus formation are common. The disease is primarily lympho- 
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tropic in nature. Rarely a localized cutaneous form is seen.®'^ 
Authentic extragenital cases have been recently reported. ® 

In the early stages a constitutional reaction, of varying severity, 
may occur. It is rarely seen in temperate climates, where the dis- 
ease seems to run a comparatively milder course. In the tropics 
and in the European countries chills, fever and leukocytosis are 
common, and erythema multiforme“ is often seen. Erythema 
nodosum was noted by Gans^^ in 10% of cases, usually occurring 
after operative interference in highly sensitized individuals. Menin- 
geal symptoms, rheumatic manifestations^^ and enlarged spleen'^’i^ 
occasionally occur. 

The disease probably occurs with equal frequency in both sexes, 
clinical variations being due to differences of the lymphatic drainage 
of the male and female. In the male the primary lesion is usually 
in the coronal sulcus. The infection passes up the penile lymphatics 
(occasionally causing a lymphangitis) and usually becomes localized 
in the inguinal glands. Rarely, because of the meager lymphatic 
channels, the iliac and hypogastric glands are involved. Although 
the intrapelvic glands are but rarely penetrated ih the male, Bloom^® 
recently observed 3 cases of rectal stricture in men, out of a total of 
7 cases. Elephantiasis of the male pudenda is occasionally seen. 

The pathologic changes in the involved lymph nodes are probably 
not pathognomonic but are quite characteristic during the acute 
stages. They are not easily confused with tuberculosis, syphilis, 
Hodgkin’s disease, sarcoma, or the more common infections of 
lymph nodes. The earliest change is the presence of multiple foci 
of epithelioid cells which may contain large giant cells. Many of 
these areas are transformed into micro-abscesses composed largely 
of neutrophils and large acidophilic mononuclear cells .i® These 
may coalesce to form larger abscesses. The normal structure of the 
node is lost as the involvement progresses. The process frequently 
spreads to the periglandular tissues and sinus formation (often 
rnultiple) occurs with drainage of the abscesses. Secondary infec- 
tion is then frequent and chronicity is nearly the rule. In a number 
of our cases in which the involved nodes were excised at an early 
stage, the pathologist has ventured a diagnosis of lymphopathia 
venereum from the appearance of the microscopic picture (Fig. 1). 

In from 2 to 6 weeks after the onset of the adenopathy, an allergic 
reactivity of the body tissues^ develops, Avhich is demonstrable in 
nearly 100% of cases by the intradermal reaction of Frei.^’^ The 
antigen for this test is prepared from the pus obtained by aspiration 
of a bubo of a proven case of lymphopathia venereum. The tech- 
mque for its preparation and administration is given in detail by 
DeWolf and VanCleve.^ As the disease progresses the intensity of 
the reaction roughly parallels the severity of the involvement. In 
the latter manifestations, as will be pointed out in the present series, 
the reaction may decrease in intensity. 
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Frei believes that there are no false positive reactions. Cutaneous 
anergy occasionally occurs in active tuberculosis, in early florid 
syphilids, in high fever, in relapsing lymphopathia venereum lesions 
and sometimes in chancroid.*® 

In the female, inguinal adenitis is rarely seen, the virus usually 
passing to the intrapelvic glands. The anterior | of the vulva is 
drained by the inguinal glands. The posterior f is drained by the 



Fig. 1.— Low-power photomicrograph of an inguinal IjTnph node excised during 
the acute stage of involvement by lymphopathia venereum. Note the multiple 
abscesses of variable sizes. High-power examination shows the abscesses to be 
made up largely of neutrophils and mononuclear cells with acidophilic esdoplasm. 
At the borders of the abscesses, which are quite irregular, a hyperplasia of the reticulo- 
endothelial elements of the lymph node is evident and a number of giant cells are 
seen whose nuclei suggest reticuloendothelial origin. 


intrapelvic glands, and there are extensive connections with the 
cutaneous lymphatic network of the anus. The ^mlvar and vaginal 
lymphatics have further ramifications to the anorectal glands, to 
those in the pouch of Douglas and to those lying in the broad liga- 
ment. The female, then, is subject not only to occasional inguinal 
involvement, but more commonly develops intrapelvic involvement 
with subsequent rectal stricture, perimetritis and perisalpingitis,'® 
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esthiomene (vulvar elephantiasis), and perirectal granuloma and 

ulceration. . • • . i 

The exact pathogenesis of these later manifestations is not known. 

Frei believes that they are due to cicatricial contractions, to lym- 
phatic blockage and to secondary infection. Barthels and Biber- 
stein,2o however, believe that active lymphopathia venereum^ is 
still present. They found a retrograde thrombotic lymphangitis 
with subsequent dilatation of the lymph spaces, characteristic 
stellate abscesses and ‘inflammatory infiltrate. Their hypothesis 
of an attenuated virus has been in part proved by the recent 
experimental work of Ravaut.-^ ' 

In the past a number of etiologic agents have been advanced as 
the causal factor in benign rectal stricture. Syphilis, tuberculosis, 
gonorrhea, chancroid and amebic dysentery have been most fre- 
quently suspected. The findings common to all of the large series 
of cases have been the high incidence of the condition in women 
(especially in the Icpft^er classes and the colored race), its occurrence 
during the period of greatest sexual activity (20 to 50 years), and 
the location of the stricture within a few centimeters of the anus. 

In 1928 Frei and KoppeP^ reported the presence of a positive Frei 
test in 5 cases of rectal stricture. One case occurring in a male 
showed evidence also of an old involvement of the inguinal Ij’-mph 
nodes. Following this report many observers confirmed their 
findings. In this country Cole® reported the presence of a positive 
Frei test in all of 15 cases of anorectal syndrome and esthiomene. 
Concomitant or preceding perirectal abscesses, fistulse and draining 
sinuses were frequent. In a series of 25 cases, all in negro women, 
Martin®® noted a positive Frei test in 20 cases. Lee and Staley®^ 
in an excellent article on rectal stricture reported 16 cases of this 
condition (13 women and 3 men) 14 of whom had a positive Frei 
test. 

The diagnosis in the male is usually easy. A positive Frei test 
is supestive, but requires interpretation. Like the Wassermann 
reaction, it may be unrelated to the presenting lesion. Sarcoma, 
tuberculosis, gumma, lymphoblastoma and actinomycosis are most 
frequently confused. Specific treatment should be given if the 
Wassermann reaction is positive, but true cases of lymphopathia 
venereum often involute during antiluetic therapy.®® Rectal stric- 
ture is rarely, if ever, syphilitic. Frei believes that it may occasion- 
ally be chancroidal or gonorrheal in origin. 

Data. In this series 47 cases of lymphopathia venereum are 
presented, 22 males and 25 females. Forty (85%) were colored, 
ilmse patients have been collected largely from the Out-patient 
Chmcs^ the annual total attendance of which approximates 22,500, 
with 37% colored. This suggests a much higher incidence of the 
disease in the colored race. 
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In 26 cases tlie disease was manifested by inguinal adenopathy. 
There were 22 males and 4 females; 22 colored and 4 Avhite. The 
ages of the patients ranged from 17 to 45 years (average 25). Tire 
most common duration of the disease when first seen was from 2 to 
4 weeks. Suppuration with sinus formatioir was rarely seen at this 
time. Four cases presented draining sinuses which had been present 
from 1 to 14 months. An evanescent primary lesion was seen on the 
penis in two instances. There was a history of a similar lesion in 

I other case. No clinical findings of chancroidal disease were found. 
Acute gonorrheal urethritis and lymphopathia venereum occurred 
simultaneously in 1 patient. The 4 women presented no evidence 
of rectal stricture but typical \mlvar elephantiasis (esthiomene) 
was present in one instance. A positive Wassermann and Kahn 
test was obtained in only 2 of the 26 cases. 

The Frei test Avas positive in all of the cases of inguinal adeno- 
pathy. In 5 cases of inguinal adenitis secondary to chancroidal 
lesions, and 4 cases secondary to acute gonorrheal urethritis, the 
Frei test was negative. It Avas negative also in 2 cases of granuloma' 
inguinale, and 1 of reticulum cell sarcoma of the right groin. 

There Avere 21 cases of rectal strictures, all occurring in the female, 
18 in the colored race. The youngest patient Avas 19, the oldest 63 
(average 37). The duration of symptoms Avhen first seen, varied 
from 3 months to 9 years (average 4 years). The most frequent 
early symptom Avas an increasing constipation. Painful defecation, 
rectal bleeding, incontinence of feces, and discharges from the rec- 
tum Avere prominent features. In several cases there Avas a history 
of long standing draining sinuses about the anus. The location 
of the stricture Avas usually Avithin 3 to 5 cm. of the external anal 
sphincter and Avithin reach of the examining finger in all cases. 
This corresponds in location Avith the sites of the chief lymphatic 
netAvorks about the anus and rectum (Fig. 2). 

In 15 cases (71 %) the Frei test A\'as positiA^e (strongly positme m 

II and moderately in 4). In the remaining 6 cases (29%) the Frei 
test was considered negative (there AA'as a A'^ery slight reaction Iioaa^- 
ever in 3 of these 6 cases). 

The Wassermann and Kahn tests AA'ere strongly positiA'^e in 5 
of the 21 cases (23%). Four cases had both a positme Frei and a 
positive Wassermann reaction. Eleven cases had a positiA’^e Frei 
test and a negative Wassermann. Of the 6 cases Avith a negatiA'^e 
Frei test, 1 had a positive Wassermann. 

Three deaths occurred among the patients Avith rectal stricture. 
All of these cases had negatiA'-e Frei tests. One case died as a result 
of a cerebral accident, folloAved by cardiac insufficiency and pneu- 
monia. The blood Wassermann test was strongly positive, but at 
necropsy no pathologic eAudence of syphilis was found. The rectal 
stricture began just inside the anus and extended upward a distance 
of 15 cm. The AA^all Avas fibrous and thickened and the mueosa was 
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congested. In some areas it was replaced by hemorrhagic gramila- 

^'Tn^tlmtecond fatal case, death resulted from peritonitis which 
followed dilatation of the rectal stricture. At necropsy there was 



Fig. 2. — Photograph of anus and rectum removed surgically in a case of benign 
rectal stricture. The patient was a colored woman aged 27. Increasing constipation 
with painful defecation had been present for 2 years. Bleeding from the rectum 
was frequent following straining at stool. A draining sinus which followed incision 
of a perirectal abscess, had been present for 6 months before removal. Clinically 
the stricture was located 4 cm. above the external anal sphincter and admitted only 
the tip of the forefinger. The Frei test was strongly positive (2 different antigens). 
Wassermann reaction was negative. The site of the stricture with ulceration of the 
mucosa of the lower rectum is evident. (Photograph after fixation which caused 
some shrinkage of the specimen.) 


a large perirectal abscess, with extension upward along the left 
ureter to the perinepliric tissues. The stricture was 5 cm. from the 
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external sphincter and associated with extensive ulceration of the 
rectum. 

The third patient died also from a generalized peritonitis. Ex- 
treme emaciation and debility were present, with secondary anemia 
and typical skin lesions of pellagra. At necropsy the stricture was 
3 cm. from the anus and extended upward a distance of 8 cm. Over 
this area, the mucosa was absent. The entire rectum and a portion 
of the sigmoid showed an acute ulcerative process, with the exten- 
sion of the inflammation through the bowel wall to the peritoneal 
surface. 

Microscopic sections from the stricture areas showed a marked 
fibroblastic proliferation with round-cell infiltration in all of these 
cases. In the latter 2 cases there was also acute inflammation pres- 
ent. In none was there evidence to suggest tuberculosis, syphilis 
or carcinoma associated Avith the stricture. 

Treatment. Th^re is no specific treatment for lymphopathia 
venereum. In those cases presenting inguinal adenitis surgical 
excision, Roentgen ray therapy and Frei antigen, intracutaneously, 
were all tried. Aspiration of the suppurating glands was frequently 
done when sinus formation was imminent. In a few cases incision 
and drainage were necessary. In general it seemed that sinus forma- 
tion delayed recovery. Weekly injections of tartar emetic intra- 
venousty were used in several cases. 

Three patients who failed to return for therapy were seen at a 
later date, and spontaneous regression of the inguinal adenitis had 
occurred without sinus formation. In view of this, and because 
of the poor follow up in the type of patient seen with this lesion, no 
conclusion can be drawn as to the results of therapy. 

Tamura® has recently reported cultivation of the virus on a 
medium of Tyrode’s solution to which guinea-pig tissue had been 
added. When the culture Avas heated and used as an antigen for the 
Frei test it gave positive results in proA^en cases of lymphopathia 
venereum and negative results in normal indiAuduals without this 
infection. The use of the virus culture in treatment as suggested 
by Tamura, would seem to be a step toAvard specific therapy in this 
disease. 

The treatment of rectal strictures, Avhen fully deA’-eloped, is a 
surgical problem. It is doubtful if an actiA’-e lymphopathia A'^enereum 
infection is present in most of these cases, the stricture probably 
being the result of the healing process, with marked fibrous tissue 
proliferation. During the development of the stricture, which 
probably requires a number of years, non-surgical therapy may be of 
A'-alue as the lymphopathia venereum infection may be present in 
an attenuated form. 

In 1 of the cases of this series, a colored woman, aged 27, symp- 
toms has been present for 18 months. Painful defecation was 
present with frequent passage of small amounts of blood. Purulent 
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discharge from the anus was usually present. During this time she 
had 2 “boils” about the anus, which ruptured spontaneously and 
drained for an indefinite period. During several weeks preceding 
the time the patient was first seen, rectal pain had been a prominent 
feature, being present nearly continuously and interfering with 
sleep. Weight' loss was striking. Inspection revealed a small 
drainage sinus lateral to the anus. Rectal examination was excru- 
ciatingly painful. The sphincters were very spastic and just inside 
the anus a stricture was present, which just admitted the fore- 
finger. This was present as far a,s could be reached, and tender to 
palpation. A sanguinopurulent discharge was present following 
the examination. 

Two Frei tests were strongly positive. The blood Wassermann 
test was negative. On the supposition that active infection was 
still present, tartar emetic was given intravenously. Relief from 
pain occurred within a few days. When examined 1 week later, 
the tenderness and spasm were greatly diminished. After 6 weekly 
injections of tartar emetic the patient was practically free from 
symptoms. Objectively the stricture was unchanged. 

Comment. It is generallj'' stated that the Frei test should be 
read after an interval of 48 hours. The possibility of a delayed 
positive reaction should be kept in mind. In 3 of the present series 
the Frei test did not become positive until after 72 hours. It would 
seem that the Frei test is best read on the 4th or 5th day. By this 
false positive reactions will have subsided. 

In 4 instances of rectal stricture the Frei test was only moderately 
positive, in 3 there rvas a minimal reaction and in 3 there was no 
reaction (using 2 different antigens). It may be that in some of these 
long-standing cases there is a diminution -in the intensity of the 
reaction and it is possible that the Frei test may occasionally become 
negative. On the other hand strongly positive reactions are often 
present many years after the- infection has subsided. In those 
cases with a negative Frei test there was no history to suggest a 
previous gonorrheal or chancroidal infection. However, it is difficult 
to rule out these two infections as etiologic factors in the production 
of rectal stricture. 

It would seem advisable that all cases of perirectal abscesses and 
fistulse in ano of 'unknown etiology should receive a Frei test. All 
contacts of cases in which the infection is active should be similarly 
tested. 

Th^fact that the average age of the patients with rectal strictures 
was 37 years as compared to 25 years in those cases with inguinal 
adenopathy suggests that several years time is necessary for the 
de\'elopment of the former lesion. 

Summary. 1. Of 47 cases of lymphopathia venereum infection 
here reported, 2G presented inguinal adenopathy and 21 rectal 
stricture. One case was complicated by esthiomene. 
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2. Lymphopathia venereum occurs with much greater frequency 
in the colored race. 

3. Reading the Frei test after the 4th day is recommended. 

4. The possibility of a diminution or absence of the Frei reaction 
in long-standing cases is considered. 

5. All patients with inguinal adenopathy of obscure etiology and 
those with rectal stricture should be tested with Frei antigen. 

6. Cases presenting perirectal abscesses, fistulce in ano, or obscure 
pelvic infections should also be tested to eliminate the possibility 
of a lymphopathia venereum infection as an etiologic factor. 

7. There is no specific treatment for the disease. Various methods 
have been considered. 

The authors are indebted to Dr. Norman P. Shumway for assistance in following 
a number of the above cases; and to Drs. John T. Bauer and Mb E. Lee for the use 
of the pathologic material. 
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STUDIES IN HYPERTENSION. 

1. The Production of Experimental Hypertension and a 
Correlated Effect Upon the Nitrogen Distribution 
OF THE Blood Proteins. 

By Henry A. Rafsky, 

ASSOCIATE GASTROENTERIOLOGIST, 

Adolph Bernhard, 

PATHOLOGICAL CHEMIST, 

AND 

George L. Roiidenburg, 

DlnECTOB OF LABOR.\TORY, LENOX HILL HOSPITAL, NEW YORK, N. Y. 

(From the Aehelis Laboratory oi the Lenox' Hill Hospital under a grant from the 

W. C. Durant Fund.) 

In a preliminary report^ upon the production of experimental 
liypertension in rabbits by the injection of various substances, it 
was noted that of the amino acids employed, aspartic acid alone 
consistently produced hypertension. Our study has been continued 
using a large number of animals with the object of noting the effect 
of some of the supposed etiologic factors, which from clinical observ- 
ation in man, are assumed to be associated ivith hypertension. No 
made in the present paper to summarize, even 
briefly, the many idews and experimental iin’'estigations on the 
problem of h^i’pertension which the literature of the past quarter 
of a century records. 

Ill accordance with the idea exjiressed above, chronic nephritis 
u as produced in one group of animals ; in another group the effect 
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of lipoids B’as observed and in a third the results of repeated injec- 
tions of various amino acids was investigated. 

\ 

Procedure. The following standard routine Was adopted. Upon receipt 
of the rabbits, thej^ were permitted to rest for 2 weeks. During this and 
for the entire period of observation, they were placed on a standard diet 
of carrots, oats and greens, such as beet tops, lettuce, etc. Blood pressure 
determinations were made 3 times weelcly during the entire life of the animal, 
the method of McGregor^ being employed, and 4 or 5 readings taken at 
each examination. The average of these readings was recorded. The dias- 
tolic pressure was not taken. The instrument used was a mercury manom- 
eter and all the readings were made by the same indiwdual. It was found 
that after the animals had their pressures taken 2 or 3 times, they no longer 
became excited and remained perfectly quiet while restrained on the board. 
Urine examinations were made 3 times a week during the entire study and 
determinations of the blood urea nitrogen and creatinin were made during 
the 2 weeks control period and at intervals thereafter. All animals shoving 
a systolic blood pressure of 120 mm. Hg or over during the control period 
were discarded. 

Coyitrol Observations. In 66 normal rabbits the systolic blood pressure 
varied between 92 and 118 mm. Hg; in 19 (25.7%) the pressure varied 
between 92 and 100 mm., in 39 (59.1%) between 100 and 110 mm. and in 8 
(15.1 %) between 110 and 118 mm. Hg. In McGregor’s^ series of 84 normal 
rabbits, the averaged systolic blood pressure was 125 mm. Hg with a normal 
variation of 20 i^. Hg. In a number of control animals not included with 
the above mentioned 06 animals, spontaneous hypertension to a varying 
degree was observed. The observation period of the group was between 
6 and 41 weelcs and the actual rise of blood pressure varied between 24 and 
49 mm. Hg. 

Nephritis with Hypertension. Uranium nitrate was used to pro- 
duce a nephritis, only 3 animals surviving sufficiently long to make . 
the observations of any value. Tavo animals survived for 42 weeks. 
One animal received 88 doses of uranium nitrate, each dose being 
0.7 mg., while the second received 84 doses of 0.58 mg. In both 
animals albumin and casts appeared in the urine and in both there 
was marked nitrogen retention, in the blood, the blood urea nitrogen 
being 41.6 and 42.3 mg. per 100 cc. respectively. The blood pressure 
in the first animal rose from 110 to 132 mm. Hg and in the second 
from 108 to 155 mm. Hg. The third rabbit survived but 5 weeks 
and received 10 doses of 0.58 mg. of uranium nitrate. Albumin 
and casts appeared in the urine, the blood urea nitrogen rose to 
63.3 mg. per 100 cc. and the blood pressure rose from 103 to 
129 mm. Hg. Histologic examination of the viscera showed the 
usual picture of a uranium nephritis which was progressing to a 
chronic interstitial type. There -was no evidence of vascular sclerosis. 

It is evident, even in this small group, that a nephritis induced 
b}'' repeated small doses of uranium nitrate causes an increase of the 
systolic blood pressure in rabbits. 

Hypertension mid Blood Lipoids. It has been maintained by some 
that hypercholesterolemia can be demonstrated in certain cases of 
hypertension and that there is an etiologic relationship. In accord- 



Fig. 1. — Glomerular nephritis after injection of aspartic acid. 






Fig. 3. — Spleen after injection of aspartic acid. 




STUDIES IN IlYPEKTENSION 


189 


ance with this vieY>point a group of 7 rabbits were injected with 
repeated doses of cholesterol and 1 with a combination of cholesterol 
and lecithin. Of this group 5 animals survived. 

The statistical data of the group are gii^en in Table 1. With the 
exception of 1 animal, in which albumin and casts were found in the 
urine during the last month of life, no pathologic changes were 
observed in either the urine or blood. 

As shown in Table 1, the repeated injection of cholesterol was 
followed by a mild degree of hypertension. In 1 animal when chole- 
sterol and lecithin were combined, the hypertension did not develop. 
However, when the same quantity of cholesterol was administered 
alone to the animals, an increase in blood pressure was produced. 

Since it has been shown that large doses of viosterol may upon 
occasion produce sclerotic changes in the vascular system, this sub- 
stance was also tried, the data being grouped with the lipoids since 
chemically viosterol is a sterol (Table 1). It will be noted that a 
mild degree of hjqiertension did develop, always associated with 
kidney damage, but without nitrogen retention. 


Table 1. — Blood Phbssdbe in Cholestbbol and Viosterol Injected Rabbits. 
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10 

48 

1 cc. 

Viosterol 250 D 

99 

100-109-100 

44 

31 

99 

1 cc. 

Viosterol 250 D 

108 

108-112-1 18-124-126-1 15-118-112 

45 

23 

96 

1 cc. 

Viosterol 250 D 

97 

105-115-125-130-130 


* The highest pressure obtained is in bold type. 


Protein Putrefaction Products. Two protein putrefaction prod- 
ucts, putrescin and tyramin, were used in another group of rabbits. 
Only 2 animals survived sufficiently long to make the observations 
of any value. ^ One animal during 27 weeks received 86 injections 
of 100 mg. each of putrescin. The lowest blood pressure recorded 
was 105, the highest 123. The second animal during 11 weeks 
received 60 injections of 50 mg. each of tyramin. The lowest blood 
pressure recorded was 107 and the highest 110. In both animals 
the urine and blood chemistry were normal. 







190 


RAFSKY, BERNHARD, ROHDENBURG : 


As far as can be judged from these few observations, it seems that 
neither putrescin nor tyramin when injected into rabbits produce 
any rise in blood pressure. 

Amino Acids. In anotlier group of animals various amino acids 
were injected. Since many of the experimental results were nega- 
tive and the survivors few, the statistical data are given without 
comment (Table 2). 


Table 2. — Blood Pressure After Injection of Amino Acids. 


Period 9 f Blood pressure, 

observation Number and amount 


(in weeks). 

Substniicc injected. 

per injection. 

Minimum. 

Maximum. 

10 

Histidin 

40-100 mg. 

107 

. 113 

23 

Tryiitopliano 

29-200 mg. 

106 

121 

27 

Tyrosin 

51-100 mg. 

105 

115 

33 

Aaparagin 

S2-200 mg. 

112 

121 

33 

Asparagin 

/ 28-240 mg. \ 

\ 40-200 mg. / 

lOS 

122 

19 

Asparagin 

40-200 mg. 

104 

134 

18 

Glutamic acid 

94-500 

109 

122 

17 

Glutamic acid 

44-100 

105 • 

129 

44 

Glutamic acid 

117-100 

122 

141 


Asjiartic Acid. Since it is in this group that a significant increase 
in blood pressure was found, detailed discussion of all of the 11 
surviving animals will be presented (Table 3). 

In practically all of the animals of this group, albumin and casts 
appeared in the urine within 4 to 6 weeks after the first injection. 
The amount of albumin was never more than a faint trace and in 
none of the animals was there nitrogen retention in the blood. This 
is analogous to the condition commonly found in essential hj-per- 
tension in man, where the only symptoms often are increased blood 
pressure with or without albuminuria and no nitrogen retention in 
the blood. 

At autopsy the kidney lesion found in these animals was that of a 
glomerular nephritis Avith congestion of the tufts and an exudate 
in the glomerular space (Fig. 1). If one were to express the extent 
of the lesion mathematically, it Avould' be in the general order of one 
glomerulus out of 15. 

In the spleen a series of changes occurred which led to almost 
complete fibrosis of the organ. In extreme cases the usual histology 
of the organ was completely replaced by a mass of hyalin connective 
tissuejn which small foci of round-cell infiltration were demonstrable. 
For the greater part the sinuses were still preserved, though the 
lymphoid structures were completely destroyed. The best histo- 
logic description of the advanced stages is that the sections could 
not be recognized as spleen. These changes in the rabbit spleen 
have their counterpart in man, where in cases of hypertension chronic 
splenitis in varying degrees is also observed, none, hoAvever, as 
extensive as that observed in the rabbit. The condition of the 
spleen is shown in Figures 2 and 3. 



Table 3. — Blood Pkessdhe After Injections of Aspartic Acid. 
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Blood pressure in mm. Hg. 
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Sections of the great vessels showed no definite histologic change, 
■ except for a possible increased prominence of the elastic fibers and 
occasional areas of vacuolization in the media. There were two 
exceptions; Rabbit 87 showed definite calcified areas in the aorta, 
and Rabbit 33 showed marked sclerosis of the tibial vessels asso- 
ciated with gangrene of all the toes on the hind legs leading to 
spontaneous amputation. 



The blood pressure of the rabbits injected with aspartic acid 
showed a definite continuous rise from month to month in practi- 
cally all of the animals (Chart I). The rise was more marked in 
some animals than in others. Allowing for seasonal variations, 
similar changes were not observed in the control animals, nor in 
animals injected vnth other substances. While the period of observ- 
ation extended from 4 to 21 months, the data for ohly 10 months 
is shown graphically. The rise in pressure is slow, increasing from 
4 to 23 mm. Hg in the first month. ,The maximum increase was 
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obtained in 2 animals in 3 months, in 3 animals in 4 months, in 5 
animals between 4 and 5 months and in 1 animal in 6 months. 

When injections of aspartic acid were temporarily discontinued 
for a period, as in Animals 87, 93 and 40, there was a definite decline 
in the blood pressure, but upon resumption of the injections the 
pressure resumed its upward trend. 

Having noted that the repeated injections of aspartic acid pro- 
duced a rise in blood pressure, the more immediate effects of a single 
injection were studied in 2 instances. The blood pressure was taken 
1, 6 and 24 hours after an injection of 500 mg. The increase in 
blood pressure of the first animal at the designated intervals was 
6, 12 and 6 mm. Hg, and in the second animal it was 4, 2 and at the 
last interval a drop of 8 mm. Hg below the original level. These 
changes are within normal limits of variation and can be discarded. 

In Chart II we have plotted the blood pressure curves of Rabbits 
87 and 40 week by week for the entire period of observation. 



CUAHT II. 


Gvanulin Carbonate.^ Major* and his coworkers have reported 
^ increase of guanidin in the blood in cases of hypertension in man. 
Ihis substance was injected into another group of rabbits, of which 
5 survived. In all of the animals a nephritis of varying severity 
was lour'd postmortem, and during life albumin and casts ivere 

loiind in the urine. There was no evidence of nitrogen retention in 
the blood. 

This group of animals was under observation from 6 to 26 weeks. 
1 he control blood pressures varied between 94 and 117 mm. Hg. 
All ot the animals received between 13 and 32 injections of 200 mg. 
or guamdm carbonate and the maximum blood pressure during the 
experimental period ranged between 129 and 172 mm. Hg. 
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A similar type of fibrosis of the spleen observed in the aspartic 
acid hypertension was also noted in this group. , 

It is evident that injections of guanidin carbonate are followed 
by the development of hypertension. Attention is called to the fact 
that guanidin carbonate is toxic and gangrenous areas developed 
at the site of injection. The periods of observation were short due 
to the high mortality, as compared to the aspartic acid group. 

Succinic Acid. In this group 3 animals survived; diarrhea and 
abscesses at the site of injection were common. The blood pressure 
before injection varied between 100 and 103 mm. Hg. They were 
under observation from 15 to 36 weeks. One animal received 115 
injections of 50 mg. of succinic acid, the second 37 injections of 
100 mg., and the third 135 injections of 100 mg. The rise in blood 
pressure during the experimental period was not sufficient to be of 
significance. 

In all of the animals a nephritis of slight severity was observed 
postmortem, and during life all showed albumin and easts. There 
was no nitrogen retention in the blood . A slight fibrosis of the spleen 
was also observed. 

The injection of succinic acid into rabbits does not produce hyper- 
tension. 

Nitrogen Distribution of the Blood Proteins. As part of the 
investigation, a study of the nitrogen distribution of the blood 
proteins of normal and hj^Dertensive rabbits was undertaken, the 
xesults of which are recorded in this paper. The examinations deal 
with the distribution of the total, the amid, the hydrolyzable, the 
basic amino and the monoamino nitrogen of the whole blood, of the 
red cells and of the serum proteins from the same specimen of blood 
in normal rabbits and those made hj^iertensive by the repeated 
injections of aspartic acid. 

All of the blood specimens were obtained in the morning, all food 
having been removed from the cages the previous evening. The 
technical methods for the analysis of the blood proteins have been 
describe in detail.^’® 

Normal Values; Table 4 records the total, the amid, the hydro- 
lyzable, the basic amino and the monoamino nitrogen of the whole 
blood, red cells and serum proteins of 17 normal rabbits. To con- 
serve space, only the high, low and the average for each of the con- 
stituents are given. The animals varied in weight from 1507 to 
2755 gm. 

Special attention is directed to the serum proteins and emphasis 
is placed on the basic amino (subsequently termed B.A.N.) and 
monoamino nitrogen (subsequently referred to as M.A.N.). _We 
have proposed a ratio of the monoamino and the basic amino nitro- 
gen which will be referred to throughout this paper as the M/B 

Changes in the amid nitrogen are of no significance. Neither this 
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fraction nor the humin nitrogen play a role in the results obtained 
since both are removed before the other fractions are determined. 
The humin nitrogen has not been reported in the tables. Reference 
to these two fractions will, therefore, be omitted from the discussion. 


Table 4.— Nitrogen Distribution of the Whole Blood, Red Cells and Serum 
Proteins in 17 Normal Rabbits. 



Total 

N. 

Amid 

N. 



Total N. 
% after 
hydro- 
lysis. 

Total N. of 
phospho- 
tungstic 
acid fil- 
trate. 



M/B 

1 ratio. 



HI 

■1 











AVh 

ole blood 


! I 



High 


220 


700 

31 

1770 

1620 

76 

4.2 

Low 


60 


360 

17 

1160 

1000 

54 

1.8 

Average 

2391 

107 

mm 

535 

25 

1520 

1340 

65 

2.6 





Red 

blood cel 

Is 




High 

2040 

140 

1870 


34 1 


1220 

74 

4.2 

Low 

970 

30 



18 1 

850 


48 

1.6 

Average 

1717 

86 

1491 


27 


959 

65 

2.5 





Seru 

m prote 

inB 




High 

900 

80 

670 

170 

25 

510 

500 

82 

5.5 

Low 

570 

17 

460 

90 

15 

340 

270 

47 

2.3 

Average 

669 

27 

518 

117 

21 

428 

370 

66 

3.2 


> After removal of humin and amid nitrogen. 


In normal rabbits the basic amino nitrogen of the serum proteins 
varied between 90 and 170 mg. with an average of 117 mg., forming 
between 15 and 25% with an average of 21% of the total nitrogen 
after hydrolysis. The monoamino nitrogen varied between 270 and 
500 mg. with an average of 370 mg. per 100 cc. The percent which 
this .fraction formed of the total nitrogen after hydrolysis varied 
between 47 and 82 with an average of 66. The M/B ratio varied 
between 2.3 and 5.5 with an average of 2.3. In 16 rabbits the ratio 
varied between 2.3 and 3.9 and in only 1 animal was the ratio at 
the high point of the extremes. 

Nitrogen Distribution in Hyjieriension. Since significant changes 
occur in the serum proteins of hypertensive animals, discussion will 
be confined entirely to this fraction. The data presented in Table 5 
shows the nitrogen distribution of the serum proteins of rabbits 
before and after the production of h^Tiertehsion with aspartic acid 
and guanidm carbonate. A more detailed discussion of some of the 
results follows. 


the control period the blood pressure 
f ' ’ 1 1 follovang portions of the report, mm. of Hg will be omitted 

trom the blood pressure values and mg. per 100 cc. will be omitted after 
va ues of the various nitrogen fractions. The percentage values in 
parenthesis indicate the percentage of that particular fraction of the total 
nitrogen after hydrolysis.) At the same period the B.A.N. was 90 which 
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contimieil 1 month. 
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represented 15% of the total nitrogen after hydrolysis, the M.A.lS. -was 
490 (82%) and the M/B ration was 5.5. The blood pressure reached a 
maximum of 150, a rise of 48, 106 days after the first injection of aspartic 
acid. During this period 78 injections of 500 mg. of aspartic acid were 
given Five da 3 '-s later the pressure was 130 and on that day the serum 
proteins were B.A.N. 33 (5.6%), M.A.N. 590 (90%), and the M/B ratio 
16.0. During the period of hj>pertension a change in the_ distribution of the 
nitrogen fraction had occurred. The important change is a decrease in the 
B.A.N. and an increase in the M.A.N. with a consequent rise in the M/B 
ratio. Attention is called to this fact since exac% similar changes have 
' been observed in a group of cases of hypertension in man and will be re- 
ported in a subsequent paper. 

Rahhit 93. During the control period this animal had a blood pressure 
of 90 and the B.A.N. was 110 (20.4%), the M.A.N. 400 (74%), and the^ 
M/B ratio 3.6. After 79 injections of 500 mg. of aspartic acid in 108 da 3 ’’s 
the blood pressure rose to 130. At this time the B.A.N. was 40 (8.5%), the 
M.A.N. 450 (96%) and the M/B ratio 11.2. Sixteen injections of 500_mg. 
of aspartic acid were given in the ensuing 35 daj’^s, the blood pressure rising 
to 144. The B.A.N. was 30 (4.7 7o), the M.A.N. 600 (92.5%) and the M/B 
ratio 20. 

Injections of aspartic acid were discontinued for 25 days, at the end of 
which time the blood pressure was 114. At the same interval the B.A.N. 
rose to 140 (27.4%,)) the M.A.N. fell to 300 (60%,) and the M/B ratio fell 
to 2.1. The results in this instance demonstrated that blood pressure, 
monoamino nitrogen and the M/B ratio rose after the repeated injections 
of aspartic acid aird that a discontinuance of the injections was followed 
by a more or less complete return to the normal. 

Rabbit 118. During the control period the blood pressure was 105, the 
B.A.N. 130 (24.5%), the M.A.N. 370 (70%,) and the M/B ratio 2.8. Over 
a period of 64 days, 24 injections of 500 mg. of aspartic acid were given 
nith blood pressure to 152. Some days later the blood pressure had fallen 
to 130 and the B.A.N. was 70 (12.2%), the M.A.N. 500 (88%) and the 
M/B ratio 7.1. 


Rabbit 120. During the control period the blood pressure was 102, the 
B.A.N. 130 (23.6%), the M.A.N._420 (76%) and the M/B ratio 3.2. In 
63 days this animal received 12 injections of 500 mg. of aspartic acid. The 

B.A.N. 70 (14.3%), the M.A.N. 420 
(86 %) and the M/B ratio 6.0. In this animal there was no actual increase 
in the amount of monoamino nitrogen, but the percentage of this fraction 
01 the total nitrogen after hj’^drolysis was increased. The rise in the M/B 
ratio was due to a fall in the B.A.N. 

Rabbit 98 was observed for_6 weeks, recehdng 24 injections of 200 mg. 
^ carbonate. During the control period, the blood pressure 

was 104, the BM.N. 130 (24.7%), the M.A.N. 300 (55%) and the M/B 
It haj's after the first injection the blood pressure was 
lo2, the B.A N. 40 (10%), the M.A.N. 340 (87%,) and the M/B ratio 8.4. 

(I pit iOS. This animal was observed for 20 weeks and received 21 
injec ions of 200 mg. of guanidin carbonate. During the control period 
tlie blood pressure was 106, the B.A.N. 100 (20%), the M.A.N. 350 (70%) 
ud the M/B ratio 3.5. When the pressure had risen to 136, the B.A.N. 
as /U (14 /o), the M.A.N. did not change, but the M/B ratio was 5. 

® ^ discontinued and 4 weefe later all of the nitrogen values 
and tile M/B ratio were within normal limits. . 


Discussion. Clinical observation lias indicated a relationship 
between hypertension and a variety of clinical entities; thus, chronic 
nephritis, chronic lead poisoning, syphilis and the excessive use of 
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alcohol are commonly regarded as important etiologic factors. 
There are also other conditions which are supposed to initiate or to 
keep the process in continuance and it seems logical to suppose 
that all these agents act through a common mechanism. It is also 
evident that this mechanism is intrinsic rather than extrinsic. 
Many have assumed that hypertension is due to a disturbance of 
metabolism, although just what processes are involved have never 
been definitely shown. The physiologic action of amino acids 
resulting from catabolism of proteins, or products resulting from 
failure of the organism to properly deaminate amino acids, might 
play some role in hypertension. It has been shown by the present 
experiments that aspartic acid, one of the normally existing amino 
acids in the organism, when repeatedly injected into rabbits pro- 
duces hypertension and glomerulonephritis. This efi^ect is not due 
solely to the presence of the amino group, since the injection of other 
amino acids does not produce hypertension. Glutamic acid which 
is closely related chemically to aspartic acid does not raise blood 
pressure. Aspartic acid and glutamic acid are two common mono- 
amino dicarboxylic acids and differ from each other by one methyl 
group. 

Deamination of amino acids is a property of a great many tissues 
of the body and it is probable that certain of them possess a selective 
action in this respect. Under normal conditions, presumably all 
of the amino acids in excess of the required nitrogenous structural * 
units are deaminized, yet it is possible that with a perfectly normal 
mechanism for deamination, the organs cannot deaminize the aspar- 
tic acid at the rate at which it accumulates and there is an excess 
which is sufficient to cause an elevation of blood pressure. Deamin- 
ation of aspartic acid results in the formation of succinic acid. Our 
experiments indicate that succinic acid plays no role in the produc- 
tion of hypertension. 

The exact mechanism by which the blood proteins are formed 
from ingested amino acids is not entirely known and it is likely 
that the presence of a large quantity of any particular amino acid 
might alter the composition of the proteins, with resultant changes 
in their physical and chemical properties. In rabbits developing 
M-pertension after the administration of aspartic acid, changes in the 
nitrogen distribution of the serum proteins occur. These changes 
are a lowering of the basic amino nitrogen values and an increase 
in the monoamino nitrogen fraction, in consequence of which there 
is a nse in the M/B ratio. Aspartic acid and glutamic acid are the 
principal amino acids which constitute the monoamino nitrogen 
fraction of the serum proteins. Since glutamic acid plays no role 
in the production of hj'pertension, it seems logical to assume that 
aspartic acid is the responsible factor. 

Guanidin carbonate is not an amino acid, but it also is a hj’per- 
tension producing agent, inducing changes in the nitrogen fractions 
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of the serum proteins of the same character as that observed after 
the injections of aspartic acid. In the guanidin animals the changes 
are more pronounced in the basic amino nitrogen fraction with little 
or no change in the monoamino nitrogen fraction. The M/B ratio 
of the guanidin injected animals is not as liigh as those of the aspar- 
tic acid group. 

Conclusion. 1. Uranium nitrate when injected in small doses 
into rabbits produces nephritis with hypertension. 

2. Cholesterol similarly administered produced a mild hyperten- 
sion, while in a single experiment cholesterol and lecithin did not. 

3. Of the amino acids injected, aspartic acid alone produces 
definite hypertension. At autopsy, the renal lesions of glomerulo- 
nephritis were found. 

4. The aspartic acid hypertension in rabbits is not dependent 
upon the presence of the amino or dicarboxylic group. 

5. Guanidin carbonate also produces hypertension when injected 
into rabbits. 

6. A marked fibrosis of the spleen was observed in all of the 
animals which developed hypertension after the injection of aspar- 
tic acid, 

7. The total, the amid, the hydrolyzable, the basic amino and 
the monoamino nitrogen distribution of the whole blood, of the red 
cells and of the serum proteins from the same specimen of blood 
have been determined in 17 normal rabbits and in 6 rabbits with 
hypertension. 

8. In rabbits in which hypertension has been produced by the 
injection of aspartic acid, the basic amino nitrogen fraction of the 
serum proteins is decreased, the monoamino nitrogen fraction is 
increased and there is' a rise in the M/B ratio. 
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(From The Saint John Tuhcrculosis Hospital.) 

The anomaly presented in this article is not common, if a review 
of the literature may indicate its frequency. Nevertheless the sub- 
ject is of unusual interest, and thus far, there seems to be no agree- 
ment as to the explanation of the method of inheritance in this 
syndrome. One might even gather that various writers were pre- 
senting different syndromes. Such, I feel, is not the case, and the 
most recent paper of Aschner,' in which an attempt is made to 
advance the theory that chance linkage of separate factors accounts 
for the syndrome, does not seem to offer an adequate solution to the 
problem. 

Realizing the difficulties in explaining the genesis of this syn- 
drome, the writer has presented the views of MacArthur,-'' with 
which he agrees, as the basis for much of the discussion which fol- 
lows. 

A case is presented as a t\q)ical example. The patient was ad- 
mitted to hospital as a diagnostic problem. The history, other than 
dealing with the syndrome presented, will be but briefly mentioned. 

Case Report. — G. S., a white male, aged 29, fi-sherman, English, single, was 
admitted to hospital on Juty 18, 1934, complaining of cough, and sputum. 
His past historj' was irrelevant. His family historj"^ was negative except 
for the peculiar dystrophy of nails which occurred in several instances. 
One female cousin is a patient in a ho.spital for mental diseases, who also 
shows the nail dystrophy. The functional inquirj’^ was negative except 
for cough and sputum. 

Physical exammation showed few positive findings. The patient was 
intelligent, and cooperated well. He was well developed. The skin was 
normal over the whole body, except for scales over the elbows and knees, 
as one would expect to find in a salt-water fisherman. There was no obvious 
postural deformity, nor external eAudence of any glandular disturbance. The 
hair was plentiful, and of medium texture; the scalp was clean. The eyes, 
ears, nose, mouth and throat were normal. The thyroid gland was normal 
in size and consistency. The trachea was in the midline. The right lung 
was normal. The left lung exhibited medium rales below the 6th rib, 
anteriorly, and the 9th rib, posteriorly, along with some dullness to per- ^ 
cussion. There was notliing abnormal in the entire cardiovascular system. 
The systolic blood pressure was 110 mm. Hg, disatolic, 60. The abdominal 
muscular development was pronounced. There was a slight inguinal 
hernia on the left side. The genitalia were normal. The extremities 
, showed no abnormal protuberances. The patellaj Avere normal in size and 
position. There was normal moA^ement in all joints. The fingers and toes 
showed pecubar distribution of the nail substances (Figs. 4 and 5). The 
nail deficiency was most marked on the thumbs and great toes. These 
findings are very similar to those previously Teported, and almost identical 
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with that of the female cousin mentioned. The spine and nervousisystem 

showed no abnormalities. i -m j j 

Laboratory data were as follows: Urine, normal. Blood, red blood 
cells, 5,730,000 per c.mm., mth 88% hemoglobin; the ulute blood cells 
were 5000 per c.mm., with neutrophils 53%, eosinophils 2, lymphocytes 38, , 
and monocytes 7. The blood Wassermann and Kahn tests were negative. ■ 



Fig. 3. Roentgen ray of dorsal spine. This shows lateral wedging of the ninth 
dorsal vertebra, with some slight changes from normal in several other bodies (see 
arrows). (Roentgen ray read by Dr. S. Kirkland, roentgenologist. Saint John 
General Hospital.) 

Roentgen ray of chest showed evidence of some bronchiectasis at the 
base of the left lung. Practically^ the entire skeleton was Roentgen rayed. 
This revealed some slight abnormalities of the hands, feet and dorsal ver- 
tebra*. The distal phalanges of the hands and feet were tapered and spatu- 
lated (Figs. 1 and 2). Lateral wedging of the dorsal vertebral was also 
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evident (Fig. 3). The gradation of nail dystrophy is shown in photographs 
(Figs. 4 and 5). 



Fig. 4. — Photograph of hands of G. S. The gradation of nail dystrophy is shomi. 
There is no normal nail substance present. Thickening with heaping up and longi- 
tudinal furrowing is present. The shortening of the thumb on the right hand and 
little finger on the left hand are due to injuries. 


Discussion. The family tree (Chart I) is composed of 35 members 
among whom nail dj'strophy occurred in 11 instances. Unfortu- 
nately G. S., and a female cousin, mentally deficient, were the only 



Fig. 5. — Photograph of feet of G. S. The distribution of nail substance is much the 
same as showm in the hands. No nails are normal. 

individuals examined. Arrangements could not be made to get 
Roentgen films of the latter. The others were reached by a ques- 
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tionnaire, ^\"oi'ded to reveal obvioHS defects sucb as alopecia, icbthy- 
osis, absence of siveat glands, etc. Dystrophy of the nails was the 
only ectodermal abnormality reported, although the changes noted 
varied considerably. Several had difficulty in picking up small 
objects, due to lack of nail substance. No skeletal deformities were 
noted, and those present in G. S. were unlike any previously reported. 
HjTiothyroidism has been suggested as a causative factor but no 
evidence of this was found in any member. As it is unlikely that 
this factor is of any importance in this syndrome, a basal metabolic 
.-rate ivas not done. One case of mental disease occurred in this 
family, but no conclusions can be drawn from this fact. The defects 
occurred in approximately one-half to one-third of the number of 
children whose parent was affected, and in no instance did an un- 



Q Mortnal male. Q Normal female. 


H Affected male. 0 Affected female. 

Chart I.— Family tree. There are 35 members. The symbols indicate nail 

dystrophy. 

affected parent transmit a defect. Both sexes were equally affected, 
these findings are substantiated by those of Tobias.^ Jacobson,^ 
t Jiompson,® and Turner. ® No marriage occurred between 2 affected 
mdnaduals, nor have any such been reported. Consequently all 
cases are probably heterozygous (Dd). The possibility should be 
'ept m mind that if any (DD) progeny, they might be lethally 
anected. It is safer then to admit that the gene (D) may not be 
uommant as at first seems probable. 

lereditary dystrophy of the nails has been reported associated 
with ectodermal and mesodermal defects and as an entity. Many 
lac no Roentgen rays taken, and anomalies of the osseous system 
lai e midoubtedly been missed, as deformities are often revealed 
>> t ns examination alone. The case presented here is an example 
o t ns. The gradation of nail dystrophy and other ectodermal and 
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mesodermal defects reported have varied greatly. It is probable 
that in most cases, at least 2, and possibly all three primary body 
layers are affected in this syndrome. Endodermal structures inac- 
cessible to examination may also be involved. It is likely that the 
many clinical pictures met with are merely variations of the same 
disease. The case presented here is an example of the minor effects 
of the syndrome, while those showing such defects as absence of the 
patellae, subluxation of the radius, etc., illustrate its more serious 
forms. If this assumption is correct, a satisfactory explanation 
of the genesis of this syndrome has 'not appeared thus far. The 
associated characters of the sjmdrome; the difference in its make-up 
in different families; its frequent dissociation, and its great varia- 
bility among individuals are the chief unsolved genetic problems. 
Previous writers have attempted to account for these peculiar 
hereditary features by assuming either one or more modifying genes 
(Turner®), or separate genes for each of the associated defects noted, 
such as dystrophy of the sweat glands, hair, patellse, etc. It is 
assumed that the genes come together by chance association as in 
Mendelian poly hybrids, or are held together by linkage in one 
chromosome (Aschner^). 

Against the theory which states that each single component of 
the group of characters has its own separate cause, MacArthur® 
notes the following objections: “If the genes assort freely, they 
cannot produce the correlation observed between the elements of 
the syndrome; if they are linked, as Aschner maintains, they would 
tend to go together and produce a correlation, high or low, accord- 
ing to the closeness of the linkage, that might last for generations; 
but this apparently attraetive view encounters serious difficulties; 

(1) when the syndrome first appeared, the several genes controlling 
it, must all have chanced to mutate at about the same time, and 

(2) all have happened to lie in the same chromosome, and (3) most 
of them to affect similar parts (c. g., skin or ectodermal derivatives) 
whereas genes appear actually to be distributed at random on the 
chromosome and to mutate singly and at random in the set. , 

“It is probable that the components of the syndrome which are 
generallj^ inherited together also originated together. Accordingly, 
it would seem best to reject for the present the linkage theory, _ at 
least in the form presented, as a much less satisfactory explanation 
of the syndrome than the simpler alternative theory that the whole 
syndrome arises from a common fundamental cause tracing mainly 
to the differential effects of one gene. In a disease syndrome the 
associated symptoms commonly arise together, or are traceable to 
one earbv starting point, one cause leading to other succeeding 
effects in train. Analogously, it is an accepted fact that a gene 
typically exhibits a variety of effects; such diverse effects are prob- 
ably what are observed in a syndrome.” 

It has already been shown -in the work of MacArthur and 
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Landauer,® that certain syndromes can be plausibl}^ pictured and 
reasonably explained as arising development^lly,_and due to the 
multiple effects of a gene. “Since gene action is evidently not 
entirely localized and specific but may reach various, often dis- 
similar, parts and structures and derivatives even of different germ 
layers, it may be viewed as operating in a more or less specific way 
as regards tifiie and rate, producing for instance a retardation of 
development, acting over a limited period, during which parts 
capable of responding to its influence are in process of being devel- 
oped and fixed. The parts most actively developing during the 
time of action of the gene are most affected; structures once fully 
developed are not further alterable. Variations of the syndrome 
would on this view be due either to different residual heredity, to 
variations in gene potency, as in a multiple allelomorphic series 
or sometimes even to modifying genes when such entities can be 
clearly demonstrated.” 

The social aspect of this problem should not be lightly overlooked. 
Among 181 cases affected, only 72 have married. G. S. admitted 
that most of those affected, whom he knew, were quite sensitive 
with regard to the rather disfiguring nail defects. Although he.^,, 
Avould not admit that it had any relationship to matrimony, the 
fact remains that a relatively small number have married, who 
otherwise seem to be healthy individuals. This is especially unfor- 
tunate in females. Those marrying may expect that approximately 
one-half of their offspring will show some abnormality. On the 
other hand, normal parents, though belonging to the family tree, 
may expect normal children. The nature of the disease does not 
indicate that beneficial results may be expected from glandular 
therapy. The social facts involved may eventually eradicate this 
syndrome, and further illustrates nature’s tendency to overcome 
abnormalities in the human race. 

Summary. 1. A case of hereditary ony dual dysplasia is reported. 
The findings in the family tree to which this individual belongs are 
given. 

2. A new theory of the genesis of this syndrome is presented. It 
is suggested that the defects observed are due to the differential 
effects of one gene (D), acting during the process of development 
of the three primary body layers, its action ceasing on full develop- 
ment of the various parts. The gene (D) may not be entirelv 
dominant. 

3. 1 he social aspects of the syndrome are discussed. 
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For some years one of the most popular forms of suicide has been 
the use of products of the carbolic acid group, and especially 
with the common commercial preparations such as lysol. A survey 
of the last 100 cases of poisoning admitted to the New Haven 
Hospital disclosed that phenol and lysol led the list, comprising 
the offending agents in 26% of the series; bichlorid of mercury and 
carbon monoxid constituted 25% and 23%, respectively, of the cases 
in this group. Phenol and lysol Avere the cause of death in 45% of 
those cases with fatal outcome. 

The low fatal dosage of this poison and its dramatically rapid 
and toxic action on the heart, bloodvessels and central nervous 
system leading speedily through cardiovascular collapse and res- 
piratory failure to death, often within an hour, emphasize the vital 
importance of prompt and eft’ectNe treatment. 

Among the many antidotes that have been recommended and 
employed (milk, egg albumin, alcohol, glycerin, sodium sulphate, 
potassium permanganate, syrup of lime) none has gained, universal 
or enthusiastic acceptance, and only a feiv have survived in medical 
practice. Although gastric lavage with alcohol or sodium sulphate 
is probably the commonest cun-ent treatment, it is noteworthy that , 

* Completed during tenure of a National Research Council Fellou'ship in Medi- 
cine, 1934. 
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Macht,^^ on the basis of experimental and clinical observations, 
considered alcohol not only ineffectual, but actually harmful, and 
Sollmann2i( p_ 544) brands both alcohol and sulphates as “practically 

usclcss*^^ 

The incessant search for a suitable antidote for carbolic acid 
poisoning had at one time resulted even in the suggestion that 
camphor be used, since a mixture of camphor and phenol is com- 
paratively non-irritating locally. But experimental work by Bond 
and Haag2 quickly demonstrated that the two drugs have similar 
central nervous system actions, and that camphor definitely increases 
the toxicity of peroral phenol. 

Robertson’s exsanguination-transfusion procedure^® was also tried 
in experimental phenol poisoning in dogs by Haskell and co-workers® 
in an attempt to improve the therapeutic attack. They found this 
procedure to be as valueless for phenol as it proved to be in mercuric 
chlorid poisoning.^® 

The question of the value of alcohol in the treatment of acute carbolic 
acid poisoning deserves special attention. The history of how alcohol 
came to be employed wongly is given by Machf'* and Wilbert.^'^ Alcohol 
still enjoys wide use either in dilutions ranging from 10% to 40% or in the 
form of strong whiskey. There is little unanimity of opinion, however, as 
to its value. Most of the older textbooks of toxicology recommend its 
use, and do not even warn against leaving it in the stomach. Sollmann“‘ 
(p. 644), as stated, though branding alcohol as a useless chemical antidote 
recommends that a 10% solution might be employed as a lavage, to be 
followed by warm water. Underhill^^ (p. 187) suggests a similar procedure. 
The theory underlying the use of alcohol seems to be that, since it is an 
excellent solvent for phenol and can be shown to be effective in the 
local treatment of phenol skin burns, therefore it must necessarily, when 
given for peroral carbolic acid poisoning, dissolve the phenol, delay its 
absorption, and prevent caustic lesions of the gastric wall. It has been 
shomi, however, by Clarke and Brown'* that local gastric lesions from 
carbolic acid are as severe when phenol is given in alcohol or glycerin 
solutions, as when given in watery solutions. These same authors, in 
addition, found no evidence for a chemical antagonism between alcohol 
and phenol, and could not convince themselves from both clinical and 
exj^erimental investigations that alcohol had any superiority over water 
as a hvage medium. Indeed alcohol and phenol placed in the stomach 
gave results no different from those vdth phenol alone. Macht*'* found 
that gastric lavage with alcohol follovdng experimental phenol poisoning 
m dogs and cats tended to increase the rapidity of onset and severity of 
symptoms, and to hasten death. It must be remembered that alcohol is one 
of the few drugs that is absorbed from the stomach, and during absorption 
carries the dissolved phenol along with it. Indeed, the gastric irritation 
mid vasodilatation resulting from alcohol may tend to hasten absorption, 
lliat this IS so might be inferred from the work of Dunn and Perley,® who 
noted that when phenol was administered in alcohol by stomach tube to 
rabbits the free blood phenol rose more rapidly than ■when phenol was given 
alone, although the final levels reached before -death in the two groups 
were essentiallj' the same._ These same authors note an apparent increase 
m toxicity when alcohol is given with phenol and call attention to the 
po.ssibihty of superimposed alcoholic poisoning. 

voi.. IDO. NO. 2.— .\unrsT, inS.S S 
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The conclusion to be drawn from the more carefully performed 
experimental work and critically interpreted clinical data is that 
alcohol probably does little if any good in phenol poisoning, and 
may actually do harm. 

Notwithstanding the arguments for and against the use of alcohol 
or any other therapeutic measure, it is evident to anyone who 
surveys the literature on phenol poisoning, or attempts to treat 
these unfortunate cases, that a satisfactory antidotal agent is still 
lacking. 

Abso^tion, Fate and Excretion of Phenol. An understanding of the 
absorption, fate and excretion of phenol is essential before rational and 
effective therapy can be instituted. Phenol, CcHsOH, carbolic acid, has 
the characteristic properties of the series of antiseptic benzol derivatives so 
widely used in industry'' and medicine. It is slightly soluble in water 
(1 to 15) but readily miscible in all proportions with alcohol, glycerin and 
fats. It is not a true acid, and injures tissue by virtue of its being a general 
protoplasmic poison. It is readily absorbed from all surfaces of the body. 
The gastro-intestinal absorption, although rapid at first, is slowed after a 
short interval and may even stop completely, due to local circulatory 
changes (Sollmann and co-workers“). This is an important consideration 
in the treatment of peroral poisoning, for one may still recover phenol from 
the stomach for some interval after ingestion. In experienced hands, the 
use of the wash-out tube is usually indicated, and although discretion is 
necessarj'^ in deciding when to employ it, the danger of perforation of the 
injured esophageal or gastric wall is probably overemphasized. The phenol 
after absorption is distributed throughout the tissues of the body. It 
rapidly leaves the blood, and the higher concentrations are found in the 
liver, brain and kidneys. From 25% to 67% is completely burned by the 
body, and conjugation of much of the remainder represents an important 
protective mechanism of the animal organism. A small part of the carbolic 
acid is oxidized in the body to hydroquinone and pj^rocatechin. That which 
is not burned is excreted in the urine, a trace being eliminated in the sweat. 
The urinary phenol is both conjugated, especially as ethereal sulphates 
and phenolic glycuronates, and unconjugated, the former increasing in 
amount as the total phenol content of the urine increases. ' The site of 
conjugation of phenol in the body has been the subject of considerable 
investigation. Pelkan and ^Miipple’^ maintain that the liver is the only 
organ performing this function, whereas Smith,'® in a recent work, claims 
that the kidneys and intestines also participate. The occurrence of phenol- 
sulphonates in the urine led to the mistaken use of sulphates in the' attempt 
to detoxify carbolic acid in the body. As is occasionally the case with a. 
therapeutic measure whose chief virtue is its novelty, the sulphates were 
reported to be very useful in treating patients poisoned with phenol. That 
sulphates are not readily absorbed by the alimentary canal is common 
knoAvledge, and even if they were, there is evidence to show that sulphates 
or inorganic sulphur compounds do not increase conjugation. At any rate, 
the combination between phenol and sulphates does not occur in the intes- 
tinal tract, thus rendering oral sodium sulphate for antidotal purposes a 
useless gesture. The type of conjugation that does occur in the tissues is 
very slow, so that even when injected intravenously, sulphates are ineffec- 
tive (Sollmann and Bro-wn”). Indeed, as long ago as 1895, Tauber®' noted 
that oral, subcutaneous or intravenous sodium sulphate did not protect 
against the just fatal dose of subcutaneous phenol in rabbits. It would 
appear that any slight value the sulphates may occasionally have w'® 
peroral therapy of phenol poisoning is probably due to the purgative effect 
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of sulphate salts. The symptoms of acute poisoning, in addition to the 
local effects at the sites of absorption, are mainly referable to the cardio- 
vascular and nervous systems, and the kidneys, all of Avhich are quickly 
involved. Cardiovascular collapse may ensue from a direct depressant 
action on the heart muscle and from dilatation of the bloodvessels, ivith a 
consequent marked fall in blood-pressure (Gunn®). _ Faintness, weakness, 
tremors, and respiratory embarrassment and depression are all attributable 
to the effects of the drug on the central nervous system. In some animals, 
characteristic and marked generalized clonic convulsions occur, but these 
are rarely seen in man. The renal damage may result in oliguria and 
serious impairment of the water and electrolyte balance of the body. The. 
scanty, smoky urine contains albumin, casts, blood (Wakeman and co- 
workers^®) and paired phenolic products. 

The Rationale of Therapy in Carbolic Acid Poisoning. This under- 
standing of the absorption, fate and excretion of phenol should now 
make it obvious that the immediate and most important efforts 
should be made to prevent or delay the absorption of the poison 
from the alim'entary tract. No adequate means are as yet available 
for dealing with phenol once it has been absorbed, and to hasten 
its excretion by the kidneys would hardly alter the course of acute 
poisoning for several reasons. By the time the renal elimination 
of phenol is well under way, the kidneys are already injured, damage 
has been done to the more vulnerable cardiovascular and nervous 
systems, and excretable phenolic products have already been largely 
detoxified by the organism through conjugation. 

How may one prevent or delay, absorption of carbolic acid after 
ingestion? Three ways immediately present themselves: (1) The 
phenol may be removed by the stomach tube and lavage. (2) A 
selective solvent may be administered whose affinity for phenol 
exceeds that of the protoplasm of the enteric wall, and absorption 
would thus be prevented or delayed. This solvent could also serve 
as an efficient lavage medium. (3) One may hasten the passage of 
the phenol, preferably after it has been taken up by the solvent, 
along the intestinal canal. This latter method would apply mainly 
to that portion of the phenol which had passed the pylorus or escaped 
stomach lavage; it could be accomplished by a carefully selected 
cathartic. The ideal solvent should, of course, hold the phenol 
inert; should not itself be absorbed by the gastro-intestinal tract; 
should not be broken down by enzyme action; and should be 
harmless. 

In view of so dire a need for an acceptable antidotal solvent, it 
is natural that great interest should be aroused by Gibbs’^ recent 
proposal. ^ He advises the use of paraffin oil* in phenol poisoning 
and describes it as a simple, effective, safe and logical agent. The 
rationale of his treatment seems to be based on the presumption 
that carbolic acid is more soluble in mineral oil than in water, and 

* S^^lon^•^ls for paraffin oil are: Liquid Petrolatum, U. .S. P.; Liquid Paraffin, 
D. P.; white mineral oil. 
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theoretically leaves the watei^ medium of the stomach contents 
for that of the oil, in which it remains pharmacologically inert. 
Gibbs’ treatment of a poisoned patiept would require simplj^ the 
oral administration of a liberal quantity of paraffin oil, which would 
theoretically take up the carbolic acid efficiently; and since the oil 
is entirely non-absorbable, it readily assists its own elimination 
along with the dissolved poison. It is even suggested that if the 
above therapy is followed by repeated doses of magnesium sulphate, 
the use of the wash-out tube may be omitted. 

On the basis of Gibbs’ claims, paraffin oil would indeed be a 
splendid antidote, for it is a common and easily available substance, 
and would fulfill the therapeutic requirements outlined above. 

Within a fortnight of the appearance of Gibbs’ article, however, 
this therapeutic measure was attacked by Bowdler,® whose com- 
ments were published in the same journal. This writer, a former 
phenol manufacturer, had learned from practical experience and 
personal observation that phenol was not at all readily soluble in 
liquid petrolatum in the presence of water, and he questioned the 
soundness of Gibbs’ procedure. This refutation appeared simply 
as an obscure letter in the section devoted to “Correspondence.” 
Gibbs,^ in a brief rebuttal, defended his original thesis, but still 
offered no experimental or clinical evidence for his contentions. 

It appears probable that the well known ready solubility of car- 
bolic acid in most fats and oils of vegetable and animal origin gave 
rise to the mistaken notion, Avhich does not by any means follow, 
that phenol is also readily and highly soluble in the hydrocarbon 
series of paraffin oils. To clarify this question we have jierformed 
solubility tests. 

Experiments on Petrolatum Liquidum. The in vitro solubility of 
both carbolic acid crystals and phenol liquefactum in petrolatum 
liquidum was tested; various dilutions were prepared at both room 
and body temperatures. Far from being readily and highly, soluble, 
both of these products were very sloAvly and poorly soluble in mineral 
oil. Neither by vigorous and repeated shaking, by elevating the 
temperature, nor by prolonging the contact for days could the 
solubility be increased above 1 part in about 50. These results 
agree with those of Pilcher,^’ but are at variance with the statement 
of Solis-Cohen,^'' (p. 746) that phenol is “very soluble” in liquid 
petrolatum. The solubility of phenol in mineral oil in the presence 
of water was also tested. It Avas found that when phenol in dilutions 
of 1 in 5 to 1 in 30 in Avater were added to paraffin oil, the latter took 
up much less of the phenol than formerly. Since phenol is three 
times as soluble in water as in mineral oil, and definitely prefers 
protein to water, it is difficult to understand Avhy one should expect 
phenol to be soluble in mineral oil in the presence of the Avatery 
medium of the gastric contents. If a conclusion were to be drawn 
from these in vitro solubility experiments, it would be that petr^ 
latum liquidum is not the long-sought antidote for carbolic acid 
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poisoning, and that its employment might be dangerous in entailing 
loss of valuable time needed for more effective therapy. It is 
interesting in this connection to note that Boenninghaus' has 
reported the destruction of the tympanic membrane and corrosion 
of the external meatus from the use of liquefied phenol in liquid 
petrolatum as ear drops for earache. 

Because of the importance of confirming definitely the conclusions 
suggested by the above in vUro tests, it was thought desirable to 
•submit the question to actual animal experimentation, even though 
it seemed unlikely that mineral oil might still delay absorption by 
some other, perhaps mechanical, means. The necessity for such 
verification was brought home to us more pointedly by the knowl- 
edge that the mineral oil therapy of carbolic acid poisoning had 
permeated into hospital emergency rooms, and had at one time 
gained a brief trial at the New Haven Hospital. Furthermore, this 
treatment is recommended in the current edition of a well-recog- 
nized textbook of therapeutics (Beckman,-® p. 696). 

ProGcdtire. Normal, adult albino rats, iveigliing from 100 to 
300 gm., and maintained in good health on an adequate diet were 
used in 150 experiments. In addition, some experiments were done 
on other laboratory animals in order to make certain that the 
results obtained with rats were applicable also to other species. 
Food w^as first withheld for 36 to 48 hours to insure that the stomach 
would be quite free from food, water being supplied ad libitum. 
Freshly prepared phenol liquefactum and the various antidotal 
agents were administered by stomach tube. All animals succumb- 
ing in the experiments were autopsied to rule out traumatic death 
from stomach tube injury, and to recover for study the gastric 
contents of carbolic acid and antidote. 

It was first necessary to establish the minimal lethal dose of phenol 
for our colony of rats, since the figures given in the literature were 
found to be excessively high. Hefter” (p. 912), for example, gives 
the lethal dose for the rat, determined by Duplay and Cazin, as 
0.66 gm. per kg. It was determined on the basis of 20 rats tliat 
0.3 gm. of phenol liquefactum* per kg. of rat could be relied on to 
prove fatal in 85% of the cases, and ive have employed this as the 
minimal lethal dose (M.L.D.). When this dose ivas z'educed to 
0.2 gm. per kg., the fatality was less than 50%. 

The sequence of development of symptoms after phenol is given to the 
rat IS constant and rapid. For from § to 4 minutes (average of 2) the 
animal presents no signs. Then respiratory distress appears as the first 
evi^nce of intoidcation, followed quickly by intermittent muscular twitches 
ol tne tmnk and extremities. Within another minute or two, the rat loses 
the ability to maintain normal posture. The animal falls on its side 
and exmbits severe and extremely rapid clonic con'vulsions resembling 
running movements. Since phenol in these doses is an efficient local anes- 

9*^® cubic centimeter of phenol liquefactum weighs approximately 1 gm. Phenol 
liquefactum is about 90% carbolic acid by weight. 
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thetic, the animals give no evidence of pain. The convulsions persist until 
death approaches, becoming less violent toward the end, due probably to 
the intervention of exhaustion and asphyxia. Respiratory failure ends the 
picture. Death occurs in from 2 to 50 minutes after phenol (average of 27) 
but is occasionally delayed for several hours. If recovery is to occur, an 
early sign is the ability of the rat to regain its feet. Recovery, as far as 
the appearance and activity of the animal are concerned, is complete, and 
no late deaths have been noted. 

Due to the rapidity of onset of severe symptoms, the antidote 
had to be given almost directly after the phenol. If one waited 
for more than 2 or 3 minutes, i. e., until the animal exhibited 
marked central nervous system signs, then the passage of the 
stomach tube to administer the antidote was in itself likely to pre- 
cipitate or hasten death, due to the unavoidable slight respiratory 
embarrassment occasioned by this procedure. Consequently, it 
seemed desirable in testing the value of so questionable a therapeutic 
agent as paraffin oil to administer the oil even before the phenol. If 
this alleged antidote should fail to protect against the poison under 
these especially favorable circumstances, then it would indeed be 
useless to employ it clinicalljL 


Table 1.— Ineffectiveness of Mineral Oil as an Antidote in Phenol Poison- 
ing IN Rats. 


No. of 
rats. 

1 

1 

Dose of phenol, M.L.D. 

= 0.3 gm. per kg. j 

j 

Oil antidote. 1 

i 

Time of administration i 
of antidote, before or 
after phenol. ; 

i 

.antidote , 

Volume ratio of — ; , . , 

phenol , 

B 


Sur- 

vivors. 

Ss 

s 

C O 1 

2c. 

« c 1 
o r 

' 

C.O ■ 

1 

Death. 

Recovery. 

Number. 

rt 

V 

V 

u> 

o 



I 


■ 

1 





i 


20 . . 

M.L.D. 

None 


1 

1 




3 . . 

3 

15 

20 . . 

M.L.D. 

Mineral 

Before 

40 

Severe 

1.3 

33 

3 20 

4 

|20 

5 . . 

2 M.L.D. 

Mineral ^ 

Before 

40 1 
1 

Severe 1 

0.5 

12 

1 

0 

0 


Mineral oil was administered to rats by stomach tube in a volume 
equal to forty times that of the phenol liquefactum given. This 
volume ratio of oil to phenol closely approximated the solubility 
ratio without unduly encroaching on the limit of capacity of the 
rat’s stomach. The animals -were observed for at least 5 minutes 
to make certain that nothing in connection with the giving of the 
oil had affected them adversely; and phenol liquefactum was then 
given. Twentj" rats were given the M.L.D. of phenol following 
mineral oil, and 5 rats were given twice the M.L.D. Of the former 
group, 4 lived, 20% survival. Of the latter group, all succumbed. 
These results are given in Table 1. It is readily seen that mineral 
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oil, even when given j^rzor to phenol does not protect against the 
poison. The percentage survival M'as raised from 15%, when no 
antidote at all was given, only to 20%, a negligible difference. The 
giving of mineral oil prior to phenol did not delay the onset oi 
symptoms of poisoning or mitigate their severity. Indeed, if it 
did anything, it increased slightly the speed with wliich symptoms 
developed (average of 1.3 minutes after phenol as compared with 
2 minutes for the controls). Nor did the paraffin oil manifest any 
appreciable tendency to delay tlie time of death, the rats dying in 
an average of 33 minutes after phenol as compared with 27 minutes 
for the controls. Likewise, the time needed for recovery was not 
shortened. An animal was regarded as having recovered when it 
had regained its feet and ceased to manifest tremors. An examina- 
tion of the stomachs after death revealed the unabsorbed, undis- 
solved phenol clearly layered underneatli the much larger bulk of 
supernatant liquid petrolatum. Qualitative tests of the oil showed 
that only a slight trace of carbolic acid had l)een dissolved. 

Since in these experiments only the minimal fatal dose of carbolic 
acid had been used, and the paraffin oil liad been given beforehand, - 
one is justified in concluding that not only is mineral oil an ineffectual 
antidote, but that it fails even to exercise a mechanical’ hindrance 
to the rapid absorption of phenol. 

In addition to the aforementioned e.xperiments on rats, we tested 
the antidotal value of liquid petrolatum in 2 each of rabbits, cats, 
dogs and guinea pigs. In no instance did it protect in the slightest 
against the fatal dose of carbolic acid. Although these e.xperiments 
on other species Avere limited, we believe the general conclusions 
from the more extensive rat experiments are applicable to other 
animals, because the principles underlying the absorption, fate and 
excretion of phenol are essentially similar, and the factors pertaining 
to absorption in particular are largely mechanical (time, amount, 
dilution, solubility, absorbing surface, etc.). In this connection it 
may be mentioned that Sollmann and co-AVorkers-* found the 
absorption of phenol to be quantitatively identical in dogs and 
cats, despite the greater susceptibility of the cat for phenol; and 
absorption from the stomach and intestines is similarly identical. 

Experiments With Olive Oil. Because of these disappointing 
although predictable and anticipated results AA'ith paraffin oil, it 
Avas decided to seek a commonly available oil AAdiich woidd accomp- 
lish AALat had mistakenly been claimed for liquid petrolatum. The 
knoAvledge that phenol is readily miscible Avith true oils naturally 
confined the search to those oils of animal and Amgetable origin. 
When none AA^as found that met our requisites yve consulted Dr. Wm. 

E. Anderson of the Department of Physiological Chemistry, who 
stated that he kncAv of no true fat that Avas not readily absorljed by 
the gastro-intestinal tract. It seems, indeed, from the studies of 
LangAADrthy*''* on 21 animal and 33 vegetable fats, and 3 hydro- 
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genated oils that their digestibility is uniformly almost eomplete 
(approximately 81% to 99%). A mixture of tripalmitin and tri- 
stearin (Holt and co-workers*-) was the only fat that was found 
with a relatively low digestibility (Gl.5%). This mixture, however, 
is not only difficult to obtain, but has a melting point of 50° C., 
both factors precluding its usefulness. It thus became evident that 
any common true oil which would act as a solvent fori carbolic acid 
would also in time be digested and absorbed. Recognizing the 
importance of delaying absorption, and realizing the possibility of 
using the solvent chiefly as a lavage medium, we decided to use 
olive oil in the place of mineral oil in e.xperiments similar to those 
described abo^'^e. Since phenol death is usually rapid, it was felt 
that any agent which prevented a lethal concentration of phenol 
from accumulating in the tissues would allow one to play for just 
the necessary amount of time that might spell the difference lietween 
life and death, in the interim, of course, employing means to remove 
the unabsorbed poison or hasten its passage from the body. 

Olive oil, which has the advantages of being a common, cheap, 
bland, and not unpleasant household commodi'^L is a read}’’ solvent 
for carbolic acid crystals or phenol liquefactum. We tested the 
in viiro solhbility of both of these substances in olive oil at room 
and body temperatures. Phenol liquefactum was very quickly sol- 
uble in olive oil at room temperature, in a ratio of 0.9 to 1, and 
even more soluble at 37° C. Phenol in crystallin form was more 
slowly soluble and required some shaking, but at body temperature 
it was almost as soluble as the liquefied form. 

Eleven rats were given olive oil, in a volume 40 times that of the 
M.L.D. of phenol liquefactum, 5 minutes prior to the poison. Ten 
animals lived, 91% survival, as compared with 20% for the com- 
parable liquid petrolatum group. We then gave twice the M.L.D. 
in 15 rats but administered olive oil in a volume only 20 times that 
of the phenol. In this series, 8 animals survived (53%) despite the 
larger dose of poison and the marked relative reduction in the 
amount of antidote. In another 10 rats, the M.L.D. of carbolic 
acid was given first, and then followed in from | to 3 minutes by 
olive oil in a volume 40 times that of the phenol. Of these, only 
3 animals survived, a percentage of 30. The results of these experi- 
ments with olive oil compared with those of mineral oil appear in 
Table 2. 

These results suggested that there was a direct quantitative 
relationship between, on the one hand, the amount of poison and 
its degree and speed of absorption, and, on the other hand, the 
volume of antidotal solvent and the rapidity and affinity with which 
it took up the poison. That the time element was of paramount 
importance was indicated by the fact that when olive oil was given 
immediately prior to the M.L.D. of phenol, 91 % survived; but vLen 
it was given immediately after, only 30% survived. It should be 
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reemphasized that the rat appears peculiarly susceptible to carbolic 
acid especially in the speed with which \dolent symptoms (mainly ner- 
vous) and death ensue, and therefore an Z 

averted symptoms or death in the rat when double the M.L.D. n as 
given must have some merit. Macht,« m commenting on the use 
of twice the minimal lethal dose of phenol m his experiments, calls 
this an “enormous dose.” It was also noteworthy that olive oil 
often delayed death, when it occurred, for several hours; and it 
not onlv delayed the onset of symptoms, but m nearly eyery instance 
greatly reduced their severity. Whereas the animals not given olive 
oil developed neuromuscular and respiratory signs in 2 minutes on 
an average, those given olive oil prior to phenol did not show signs 
for 9 minutes after phenol was given. Death, vdien it occurred, 
was greatly delayed, and the time needed for recovery markedly 
shortened.' Even in the group with only 30% survival, death did 
not occur for 3 hours. An examination of the contents of the stom- 
ach showed a much more complete mixture of the phenol and olive 
oil than was the case with mineral oil. 


Table 2. — Supebioritv or Olive Oil Over Mineral Oil as an Antidote in 
Phenol Poisoning in Rats. 
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* One rat had no symptoms. 

t Olive oil iTas given, as a rule, after symptoms appeared. 


These encouraging results immediately suggested that the per- 
centage of survivals might be increased by hastening the elimination 
of the olive oil-phenol solution. Castor oil was selected as the 
Cathartic of choice, since it is an oil in which in vitro tests showed 
phenol liquefactum to be even more soluble than in olive oil, and 
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a hydrogogic purgative is naturally to be avoided. Castor oil, 
furthermore, is often used for the emergency treatment of carbolic 
acid skin burns in establishments manufacturing this chemical. In 
order to obviate an additional passage of the stomach tube, the 
castor oil was mixed with the olive oil in the proportion of 1 part 
of the former to 4 parts of the latter. Twelve rats were given this 
mi.xture of oils 5 minutes prior to, and in a volume 20 times that of, 
2 M.L.D. of phenol. Nine rats survived, 75%. Despite this very 
large dose of poison, two rats were completely protected from 
symptoms. The time for recovery was shortened, and death was 
delayed. Symptoms were milder, and their onset was delayed. 
These results are presented in Table 3, which compares them with 
those obtained on rats receiving olive oil. One sees that the 
percentage survival is raised to over 40% by adding castor oil to 
the olive oil, thus aiding the elimination of the oil-phenol solution, 
and preventing the digestion and absorption of the antidote. Since 
phenol is freely miscible with castor oil, it might occur to one to use 
this oil alone; but a few preliminary' experiments revealed, as anti- 
cipated, an appreciable fall in the percentage of survivals as com- 
pared with the olive oil-castor oil combination. It is probable that 
the inflammatory reaction incited by such necessarily large doses 
of castor oil served both to promote shock and to facilitate absorp- 
tion of the poison by local I'asodilatation. Death, however, when 
pure castor oil was given after phenol, was delayed many hours, 
and the symptoms were mild and late in appearing. 


Table 3. — Castor and Oi.n’B On. Mixture as an Antidote in Phenol Poisoning 

IN Rats. 
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* Two rats showed no symptoms. 


The next logical step was to use olive oil simply as a lavage 
medium. In 10 rats, therefore, the M.L.D. of phenol liquefactum 
was given, followed in J to 2 minutes by 40 times the volume of 
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olive oil, and the stomach pumped out immediately. All 10 rats lived, 
100% survival. In 10 other rats, 2 M.L.D. were given and followed 
by only 20 volumes of olive oil, the latter then being pumped back. 
Eight of these rats lived, 80% survival. The pumping was done 
within 30 seconds, as a rule, after the olive oil was given, because a 
longer wait necessitated a second passage of the stomach tube, and 
this was almost certain to coincide with or precipitate the onset 
of severe symptoms, and aggravate the latter through respiratory 
embarrassment. In spite of the short interval of time allowed for 
the olive oil to dissolve the phenol, sufficient of the latter was 
removed to give the results recorded in Table 4, which contrasts 
these with comparable experiments in which pumping was not 
attempted. These figures again illustrate the importance of removal 
of the poison-antidote combination, in this instance by pumping 
the stomach. Examination of the stomach contents again showed 
considerable phenol taken up by the oil. Here, also, when death 
occurred, it was delayed, often for 2 or 3 hours. Symptoms were 
milder, even though their onset preceded the administration of 
the antidote. 


Table 4.— Effectiveness of Olive Oil Lavage in Phenol Poisoning in Rats. 
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In an attempt to follow through the inferences of these results 
and to simulate the clinical treatment of phenol poisoning, another 
group of 10 rats was given 2 M.L.D. of the acid, followed by olive 
oil and stomach lavage; but in these rats an additional dose of olive 
oil was given after the pumping. Although this is logical therapy, 
namely, to allow some fresh antidotal solvent to remain in the 
stomach after lavage to take care of the poison not withdrawn or 
lat which has passed beyond the pylorus, the percentage survival 
was not raised above the S0% obtained in experiments with com-. 
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parable dosage and procedure except for omitting the final instilla- 
tion of olive oil. We believe that this is due to the excessive asphyxia 
resulting from the additional time, needed for changing syringes 
and injecting the last dose of olive oil. By the time this step is 
reached in the treatment, severe nervous symptoms are rapidly 
developing and the respiratory embarrassment at this critical time 
offsets any advantage of this procedure in the rat. 

Discussion. From these experiments there is little doubt that 
mineral oil has no place in the physician’s limited armamentarium 
against acute carbolic acid poisoning. Phenol and related substances 
are very commonly used chemicals, and still cause a large proportion 
of poisoning deaths. The treatment at present is admittedly so 
limited and ineffectual that when a new therapy is published, often 
with uncritical and exuberant claims, it is lilcely to gain widespread 
and unwarranted use. Years sometimes pass before the disappoint- 
ing results cause it to be discarded. For this reason it was con- 
sidered desirable to submit the question of the antidotal value of 
mineral oil to animal experimentation, and to raise a note of warning 
concerning its use in human poisoning cases. The experiments with 
olive oil grew out of the failure of petrolatum liquidum to achieve 
the results which might reasonably be expected of rational treat- 
ment. The survival figures for olive oil cited above seem definitely 
encouraging. We have had no opportunity as yet to apply the ■ 
implications of this work to human cases, and, therefore, can offer 
no direct evidence on this point. While we realize all the caution 
and qualifications necessary for the transference of the conclusions 
drawn from animal investigation to man, we still feel that since the 
treatment of phenol poisoning is so limited and unsatisfactory, the 
trial of olive oil is justifiable. As emphasized previously, in carbolic 
acid poisoning, ‘^'any thing which helps a little may help a lot.” 
Olive oil could be administered promptly in as large a quantity as 
possible, preferably by having the patient drink it if he is able. 
Then, in skilled hands, the stomach tube can usually be quickly 
passed with safety and lavage performed with generous quantities 
of olive oil. Before removing the stomach tube fresh oil could be 
instilled and allowed to remain. 

It is not our purpose to undertake here a complete discussion of 
the management of the phenol-poisoned patient, but only to empha- 
size the importance and nature of the immediate emergency therapy. 
Symptomatic and supportive measures are employed as the particu- 
lar needs of the case dictate. The physiologic principles of treat- 
ment outlined recently by Peters and co-workers^® for acute mercury 
poisoning apply equally well to the carbolic acid case, since there 
is analogous gastro-intestinal, renal and vascular injury with con- 
sequent diminution of serum proteins, and disturbance of the fluid 
and salt stores of the body. Particular attention should be paid 
to the administration of liberal parenteral fluids and electrolytes or 



GOOBM-VN, GEIGER: OIL ANTIDOTES IN PHENOL POISONING 219 

suitable composition and, perhaps, to the provision of blood by 
transfusion. Details of this management may best be gleaned 
directly from the reference cited. 

We are not prepared to suggest the use of a cathartic because of 
the salt and water disturbances it may possibly^ entail and the 
additional gastro-intestinal injury; but if one is given, the choice 
should fall perhaps on castor oil, which in itself is an even better 
solvent for carbolic acid than is olive oil. Poisoning by tysol and 
other cresol derivatives has, in general, the same therapeutic impli- 
cations as those described for phenol. 

Summary. 1. hi viiro and in vivo experiments with petrolatum 
liquidum did not substantiate the claims made for it as a therapeutic 
antidotal agent in the treatment of acute carbolic acid poisoning. 

2. Similar experiments with olive oil gave promising results. 

3. The principles underlying the emergency treatment of phenol 
poisoning were outlined, and the possible use of olive oil in human 
cases discussed. 
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THE RECOGNITION OF SOME FORMS OF INTRACRANIAL 

LESIONS.* 

By Charles Wabsworth Schwartz, M.D., 

DIKECTOB, DEPARTMENT OP BADIOLOGT, NEUnODOGICAL INSTITUTE OF NEW YORK, 

NEW Y'OKK CITY. 

The ultimate object of a Roentgen ray exarriination is not merely 
to determine the presence of lesions but also to diagnose the nature 
of the pathologic process. It is, of course, impossible to attain this 
objective in more than a small percentage of the total number of 
cases examined, but it is not infrequently possible, in cases suffering 
from intracranial disease, to be able to state the location of a lesion, 
which is of tremendous importance even though its nature may 
remain obscure. It is difficult to state accurately what percentage 
of cases suffering from intracranial disorders will give sufficient 
evidence in the Roentgen ray film to permit the recognition of a 
lesion, or how early such evidence will become visible, because it is 
comparatively rare for a patient to present himself for examination 
before the symptomatology becomes rather well established. Unfor- 
tunately, both the patient and his physician are reluctant to admit 
the possibility of intracranial trouble before the condition has pro- 
gressed to such an extent that there remains but little doubt. Of 
the proved cases of intracranial disease that we see, which usually 
present strongly suggestive symptoms, about 70% will give evidence 
in the films to indicate the presence of disease, while in about 30% 
it will be possible to arrive at a fairly accurate localization of the 
process, and not infrequently state the nature of the lesion. 

The general signs of intracranial disease are those of pressure, 
such as; atrophy of the sella turcica, increase in number and depth 
of the convolutional impressions together with a lack of clarity of 
their outlines, separation of the sutures, and general halisteresis of 
tlie skull bones. The localizing signs are 5 in number; caleification, 
bone proliferation, bone absorption, localized areas of hypervascu- 
larity, and last but not least, displacement of the pineal shadow. 
In the presence of any one of the localizing signs, a diagnosis may 
be possible, and with more than one present the lesion ean usually 
be localized and often identified. It is of considerable importance, 
before beginning a study of roentgenograms of the skull, to be in 
possession of a history of the case, and if possible, the clinical 
findings. It might also be added that it is futile to attempt to pass 
opinions on films of the skull which are not of excellent technical 
quality and stereoscopic. 

The first group of lesions to be considered is that composed of 

* Read before the Medical Society of the State of New Jersey, Atlantic City 
June, 1934. 
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the so-called bloodvessel tumors, which constitute only about 2% 
of all intracranial tumors. These are usually divided into the vas- 
cular malformations and true tumors. The malformations may be 
again divided into the venous angiomas and the arteriovenous or 
aneurysmal angiomas. These malformations are not true tumors, 
for as pointed out by Cushing and Bailey, glial tissue can be demon- 
strated between the vessels comprising the lesion, and as they are 
essentially congenital in type, they are niost frequentlj^ discovered 
in young people. The venous malformations may be found in sev- 
eral forms, but for our purpose they can be grouped under the one 
heading of angioma venosum. These lesions usually are deeply 
seated in the posterior half of the cerebrum, although they may 
begin on the surface of the cortex. The symptomatology is usually 
slight. Perhaps the most common symptom is Jacksonian attacks. 
At other times they may be discovered quite accidentally. In about 
50% of these lesions, sufficient calcification will be present in the 
walls of the vessels to make them visible in the roentgenogram, 
and their recognition depends upon the appearance of this calcifi- 
cation, which is usually in parallel lines which often take on a con- 
voluted form. With a venous lesion there is usually no increase in 
the depth of the vascular channels on the inner table of the skull 
and there is no evidence of increased intracranial pressure. In 
Figures 1 and 2 we have an example of such a 'lesion which was 
accidentally discovered in an examination of the sinuses. This case 
emphasizes the advisability of not confining such an examination 
to small blocked out areas of the sinuses themselves. 

The arteriovenous angiomas also show calcification in about 50 % 
of the cases, and like the angioma venosum they are found almost 
exclusively in the cerebrum, but unlike the venous angioma they 
are usually accompanied by a marked increase in the size of one or 
more vascular channels, and not infrequently give rise to some 
increase of intracranial pressure. These bloodvessel anomalies may, 
as previously stated, originate on the cortex and burrow deeply in 
a somewhat conical shape to finally produce a hemorrhage into the 
ventricular system. Figure 3 is a good example of an arteriovenous 
angioma in which can easily be seen the large vessel channels and 
also, upon close examination, parallel streaks of calcification can 
be recognized. It might not be amiss to mention the fact that in 
the presence of an arteriovenous angioma not infrequently a bruit 
may be heard on careful auscultation of the skull — a procedure all 
too often neglected. It is of considerable importance to be able to 
recognize these bloodvessel malformations because their treatment 
is not surgical, as a rule, for the reason that the surgical removal 
of such a vascular anomaly usually presents such a formidable 
problem that its solution is often impossible. Hence, radiotherapy 
is probably the treatment of choice at present. ■ 
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Let us now consider the true bloodvessel tumors which are the 
hemangioblastomas. These occur almost exclusively in the posterior 
fossa in children, and their site of election is in the posterior portion 
of the fourth ventricle, so that as may readily be seen, they are 
usually accompanied by a rapid rise of intracranial pressure and 
therefore, untreated, their history is short. They are usually com- 
posed of true angioblasts and may become cystic. It is rare to find 
one of these cysts containing sufficient calcium to cast a shadow in 
the roentgenogram. When seen at operation, they may easily be 
mistaken for an angiomatous type of meningioma, although it is 
comparatively uncommon to find a meningioma in a young indi- 
vidual. Occasionally, these hemangioblastomas may be rather 
widely spread and appear along the spinal cord and in the retina, 
and when accompanied by cystic kidneys and cysts of other abdom- 
inal viscera the condition is known as Lindau’s disease. Occasion- 
ally when these cysts occur in the retina they may become calcified 
and so become visible in the roentgenogram (Fig. 4). 

Another type of bloodvessel tumor which can often be identified 
in the Roentgen ray films of the skull is the cavernous hemangioma. 
It may occur anjwffiere in the bones of the skull, but when seen in 
the vault is usually quite characteristic. It forms a fusiform swelling 
with, as a rule, bone spiculations appearing at right angles to the 
tables of the skull. It is markedly hypervascular and gives the 
bone a honeycombed appearance. The lesion is, as a rule, quite 
definitely circumscribed and appears characteristically as seen in 
Figure 5. Occasionally it will not be as clearly defined and will merely 
produce an area of bone which appears to contain many small pin- 
holes, and must therefore be differentiated from the often noted 
osteoporosis and increased visibility of the diploe, which i? most 
commonly seen in the superior parietal and frontal regions. 

While considering bloodvessel tumors we may speak briefly of 
aneurysms, which in the skull are not of syphilitic origin. It is 
quite possible that some may be of arteriosclerotic origin, but it 
also seems highly probable that many of them are the result of 
■ congenital abnormalities of the vessels and their .walls. The most 
common arteries to be involved are those about the circle of Willis 
and the basilar arterjL When an aneurysm occurs on either side 
of the sella it usually produces unilateral erosion of the bones forming 
the sella turcica and often calcium will be deposited in the vessel 
walls so that curvilinear streaks of increased density may be seen 
arching above the pituitarj'^ fossa, and in addition it is not uncommon 
to find erosion of the homolateral optic foramen. Figure 6 is a 
good example of a carotid aneurysm. Aneurysms of the basilar 
artery are not easy to recognize as they rarely calcify, so that their 
recognition is usually dependent upon clinical findings or possibly 
encephalography. 



Fig. 1. — A case of angioma venosum. Note the calcification above the tentorium in 
parieto-occipital region, without signs of increased pressure or hypervascularity. 

Fig. 2. — Same case. Note linear parallel streaks of calcifieation extending obliquely 
toward midline. 

Fig. 3. — Arteriovenous angioma characterized by enlarged vessel ehannels which are 
chiefly arterial, and small flecks of calcification in vicinity of the angular gyrus. 

Fig. 4. — A case of Lindau’s disease. Note circular shadows of calcification in each 
orbit. 

Fig. 5. Typical case of hemangioma of bone. Occasionally a small anomalous Pac- 
chionian granulation might simulate such a lesion. 

Fig. 6. Aneurysm of internal carotid artery. Note typical curvilinear streaks of 
calcification and marked destruction of sella turcica. 



Fig. 7. — Bony overgrowth due to a meningioma of the lesser wing of the sphenoid bone. 
The extent of the bony change is not a measure of the extent of the tumor. 

Fig. 8. — Meningioma producing bony hypertrophy of inner part of sphenoid ridge and 
extending into the olfactory groove. 

Fig, 9. — The large defect in the parietal bone is produced by an epidermoid cyst chiefly 
invohdng the diploe. Note the irregular borders of the defect. 

Fig. 10. — A typical ballooned sella turcica produced by a chromophobe pituitary 
adenoma. Note lack of signs of generalized pressure or changes suggesting acromegaly. 

Fig. 11. — A good example of a craniopharyngioma. Note the calcification above and 
the destruction of the sella turcica, together with general signs of elevated intracranial 
pressure. 
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The meningiomas, or meningeal fibroblastomas, constitute a group 
of tumors which are not malignant and do not invade the brain. 
Their growth is slow and the clinical symptoms may be compara- 
tively slight. These tumors account for about 13% of intracranial 
new growths and because they are not invasive their complete 
removal is often possible. It is, therefore, of coipiderable impor- 
tance to be able to recognize the presence oJf a meningioma before it 
attains such a size that its removal becomes impossible. They prob- 
ably originate in the meninges and are usually found in certain 
portions of the skull which constitute Iheir sites of election. About 
35% occur over the convexities anterior to the fissure of Rolando. 
About 25% will be found in the so-called parasagittal location which 
is along the course of the longitudinal sinus or in the falxi About . 
12% will be found in the vicinity of the sphenoid ridges and from 
this location they may extend into the orbits. A slightly smaller 
percentage ^Yill be found involving the petrous ridges. A small 
percentage will be found originating in the vicinity of the tuberculum 
sellse, whereas about 9% occur subtentorially. As a rule, these 
tumors do not produce much if any increase of intracranial pressure, 
with the exception of those occurring subtentorially, so that it is not 
common to find any marked destruction of the sella turcica or other 
signs of increased pressure. The most characteristic change which 
can be recognized in the roentgenogram is bone production which 
is a common finding in the presence of a meningioma. This bone 
production is apt to be sclerotic when it involves bone of cartilag- 
inous origin, and more spiculated when involving the bones of the 
vault. It is not uncommon to find sufficient calcium in a meningioma 
to cast a shadow in the roentgenogram. This shadow is usually 
homogenous and not dense. If such evidence of calcification is seen 
in the presence of bone hypertrophy it is almost certainly in one 
of these tumors. Some of the changes which we have come to 
recognize as characteristic are shown in Figures 7 and 8. ' In brief, 
then, if bony overgrowth is seen in any of the sites of election of 
the meningiomas, and especially if there is evidence of hypervascu- 
larity, there need be no hesitation in malcing a diagnosis! 

Another type of tumor which usually leaves a rather character- 
istic trade mark is the epidermoid, sometimes known as the choles- 
teotoma or pearly tumor. This, as the name implies, is of epidermal 
origin and is most often found in connection with chronic middle 
ear infections. These tumors may appear in the mastoid antrum 
but may also be found almost anywhere in the brain or skull. 
IrVlien they occur in the bones of the'vault, they usually appear in 
the diploe and produce an irregular area of osteolysis which is often 
surrounded by bone of slightly increased density. The margins of 
the defect are, as a rule, somewhat serpentine in shape and as the 
tumors are avascular there is no increase in surrounding vascularity. 
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It is only when the epidermoids involve the bones of the vault or 
mastoid region that they can be readily recognized in the roentgen- 
ogram. The eharacteristic change produced by such a tumor is 
well seen in Figure 9. It might be mentioned that such a lesion could 
be simulated by a leptomeningeal cyst so that such a possibility 
must be borne in mind when making a differential diagnosis. 

Another group of tumors comparatively easy to recognize in the 
roentgenogram is the pituitarj”^ adenoma; but it does not suffice 
to be able to state merely that a pituitary tumor is present, for in 
addition we should state whenever possible the type of adenoma 
we are dealing with. This often can be done if we bear in mind that 
the chromophobe type of tumor is the most common. It produces 
the greatest amount of destruction of the sella turcica, and prac- 
tically no other bony change. The chromophil type of tumor causes 
less sella destruction but produces the typical changes of acrornegalj'^, 
or in young people, gigantism. The basophilic adenoma usually 
produces no change in outline of the sella turcica, because the tumors 
are often microscopic in size; but there will be a generalized halis- 
teresis which gives a somewhat granular appearance to the vault, 
simulating slightly the changes commonly associated with hyper- 
parathyroidism. It is also to be noted that as a rule the pituitary 
adenomas do not give rise to any elevation of intracranial pressure. 
It also must be borne in mind that sella changes very similar to those 
produced by pituitary tumors can also occur in the presence of 
gliomas, but usually the diagnosis can be made if one is in possession 
of the clinical findings. Not infrequently a tumor will be met con- 
taining both chromophobe and chromophil cells; that is, a mixed 
type, but usually with one or other type of cell predominating. If 
one should encounter a large, rather well destroyed sella turcica 
along with changes suggesting acromegaly, the tpmor in all prob- 
ability would be of the mixed type with the chromophilic cells pre- 
dominating. Figure 10 is of an intrasellar chromophobe adenoma. 

After a diagnosis of pituitary adenoma has been made, and unless 
the eyesight is immediately threatened, I would strongly recommend 
radiotherapy as the treatment of choice. In our hands it has proved 
to be startlingly efficient. We have now had the opportunity of 
following several cases over a period of years and their recovery is 
evidently permanent. 

There is another tumor which occurs in the immediate vicinity 
of the sella turcica which can often be recognized. This originates 
from the remains of Rathke’s craniopharyngeal pouch. These 
tumors are essentially congenital and therefore usually a lesion of 
childhood. Occasionally,- however, one will remain dormant and 
not become evident until adult life. They are slow growing, usually 
cystic, and prone to calcify. They tend to grow upward and fre- 
quently involve the third ventricle so that an increase of intra- 
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cranial pressure is a common finding. There may or may not be 
much sella destruction. These tumors frequently are associated 
with Froehlich’s syndrome and are almost always accompanied by 
visual disturbances. Calcification above the sella turcica with evi- 
dences of increased intracranial pressure usually indicates the pres- 
ence of a craniopharyngioma. The changes produced by such a 
lesion are shown in Figure 11. 

I have purposely omitted mentioning the gliomas because they 
constitute an extensive subject in themselves, and there is not suffi- 
cient time to discuss them in detail. It might be mentioned that 
it is frequently possible to state that a glioma is present from the 
changes seen in the roentgenogram, and as about 13% of them 
calcify, these can, of course, be definitely localized. Occasionally, 
it is even possible to actually name the type of glioma present. 

In this short presentation I trust I have been able to paint for 
you a “mental picture” of some of the intracranial lesions that can 
be recognized in the roentgenograms of the skull. ' 
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Many of the fundamental factors concerning migraine have never 
been sufficiently studied. Among these is tlie relationship of the 
cerebrospinal fluid pressure and composition to the occurrence of 
migraine headaches. Riley, ^ in a recent review of the subject of 
migraine, has emphasized the fact that the data in the literature 
is based upon the incomplete analysis of fluids from a few cases. 

’ There are no reports of the complete findings in an adequate series 
of cases. For this reason, it is advisable to publish the results of 
observations of the pressure and composition of the cerebrospinal 
fluid from 44 patients suffering with migraine. Fifteen of these 
patients "were punctured during an attack. 

Bassoe^ reviewed some of the spinal fluid observations in the 
literature and quotes Quincke® as having obtained pressure readings 
ranging from 155 to 210 mm. of water during attacks in 3 cases 
with relief following the lumbar puncture. As reported in the orig- 
inal, 1 of these cases does not appear to be migraine. Kerppola-* 
performed a lumbar puncture in 5 cases of “migraine” and found 
pressures of 80, 110, 120, 190 and 220 mm. of water respectively. 
Sicard® and Sicard and CambessSdes® report the findings in a few 
cases and emphasize the fact that the occurrence of abnormalities 
in the cerebrospinal fluid is indicative of an organic lesion and is 
against the diagnosis of “migraine.” 

Mingazzinff described some of the cerebrospinal fluid character- 
istics in 48 cases of “essential headache.” He avoided using the 
term migraine and indeed many of his cases could not be classified 
as such. These “essential headaclies,” he grouped in two types with 
separate etiologic factors in each group. One, he feels, is due to 
cerebral arterial spasm; the other, to a temporary iu'peractivity of 
an angioneurotic choroid plexus. In some cases, especially in the 
latter tj-pe, he felt that the spinal fluid pressure was “augmpnted 
but gives no mauometric readings as the pressure was estimated 
from the rate of flow of fluid from the lumbar needle. Onl}^ about 

* This study was aided by a grant from the Josinli Macy, Jr., Foundation. 
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50% of his cases showed an “augmented” pressure and it was m 
these cases that the greatest percentage of relief was obtained, by 
withdrawal of lumbar spinal fluid. Other spinal fluid observations 

he considered to be normal. i n • j 

Critchley^ and Critchley and Ferguson” found a normal fluid 
under a low pressure in cases punctured during an attack of migraine. 
The actual pressure readings were: 60, 90, 50 and 75 mm. of water 
(patient in the lateral recumbent position). 

One of us with Pool and Lennox'” in a study of the effect of ergot- 
amin tartrate upon migrainous and non-migrainous patients reported 
among other observations the cerebrospinal fluid pressure of 10 
migraine patients before and after the administration of ergotamin 
tartrate. It was pointed out that the cerebrospinal fluid pressure 
appeared to bear no direct relationship to the occurrence or intensity 
of the headache in these cases. More complete observations of the 
cerebrospinal fluid from these cases are included in the present study. 

Materials and Methods Used in This Study. All of the observations on 
patients during headache and most of those in the asymptomatic intervals 
■were made by a member of the Neurological Unit. The remaining cases 
were collected from the records of the other Services of the Boston City 
Hospital. Tlie chemical determinations on all the fluids were done by the 
laboratory of the Neurological Unit. 

The patients on whom these observations were made were all subject to 
recurrent paroxysms of headache for a number of years. In all cases, the 
headache was associated with nausea and in most cases, Mth vomiting. 
Many occurred at the menstrual period. Visual disorders, such as scoto- 
mata or blurring of vision, accompanied attacks in many of the cases. 
Vertigo was a frequent concomitant. A hereditary predisposition was 
apparent in many but no definite etiology could be ascertained in any of 
these cases. Cases of obvious neuroses were excluded as well as cases of 
unproven but suspected intracranial pathology. 

Lumbar punctures were performed at the fourth lumbar vertebra while 
the patient lay in the lateral recumbent position with the craniovertebral 
axis horizontal. Measurements of pressure were made with an open-end 
(2 nun. bore) spinal fluid manometer attached directly to the needle. A 
few minutes elapsed before the pressure was recorded in order that the 
patient might become quiet and relaxed. After all observations of pressure 
were made, a sample of the fluid was collected for analysis. Cell, counts 
were made in the ordinary blood-counting chamber, the fluids being lightly 
stained with Unna’s polychrome methylene blue. The total protein was 
totemined by the Ayer, Dailey, and Fremont-Smith modification of the 
DemsrAyer method," the sugar by the Folin-Wu method as modified by 
Kothberg and Evans'^ and the cldorids by the Wilson and Ball's modifica- 
1 Slyke method. The colloidal gold reaction was performed 

by the Lange method as described by Cockrill,^'* 

Observations. Our results are presented in Tables 1 and 2. 
Fifteen observations were made on 15 patients during a typical 
migraine attack (Table 1). The maximum spinal fluid pressure was 
190, the minimum 40, and the average 123 mm. of cerebrospinal 
fluid. The total proteins were calculated in 13 instances with 
maximum of 45, minimum of 20 and average of 30 mg. per 100 cc. 
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In 1 instance the protein was elevated (S3 mg. %) due to the 
presence of contaminating blood, subsequent to trauma at the 
point of puncture. The sugar content was determined in 4 instances 
and found to be normal (63, 72, 76 and 80 mg. %) and the chlorid 
content was also normal in 2 cases (696 and 727 mg. %). Excepting 
the 2 instances in which blood was present due to trauma at the 
point of puncture, the appearance, red cell count, white cell count, 
Pandy test, Ross-Jones test, colloidal gold reaction, Kahn and' 
Wassermann were all normal. In these 2 instances the fluid was 
that of a typical “bloody tap.”*® The cerebrospinal fluid pressure 
appeared to bear no direct relationship to the presence of the 
headache. In 10 cases from 0.25 to 0.5 mg. of ergotamin tartrate 
was given intravenously after the initial pressure reading was made 
and before any fluid was removed. Eight of these patients were 
relieved of headache and 2 were unrelieved following the ergotamin, 
but without any observable relationship to the alteration in pressure 
of the cerebrospinal fluid. These cases are reported in detail else- 
where.*® 


Table I.— The Cerebrospinal Fluid During Migraine Headachb. 
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There were no neutrophils obsen'ed. The Ross-Jones and Pandy tests, colloidal 
gold reaction, and the Wassermann (or Kahn) testa were neg.ativo in all fluids. 

1. Given 0.25 to 0.5 mg. of I.V. ergotamin tartrate during the puncture n-ith relief 

of headache. _ ... 

2. Given 0,25 to 0.5 mg, of I.V. ergotamin tartrate during the puncture mthout 

relief of headache. 

3. Increased headache followed an increase of the cerebrospinal fluid pressure. 

4. Decreased headache followed an increase of the cerebrospinal fluid pressure. 

5. Increased headache followed a decrease of cerebrospinal fluid pressure. 

g! Decreased headache followed a decrease of cerobrosiiinal fluid pressure. 

7. Bloody tap. 

Between the migraine attacks, 34 punctures were performed ifi 
29 patients (Table 2). The cerebrospinal fluid pressure was mea- 
sured in 28 instances. The results ranged between 190 and 90 jnin. 
with an average of 139 mm. of cerebrospinal fluid. The cell count 
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in the fluids varied between 11 and 0 lymphocytes ^Yith an average 
of 2 cells per c.mm. Onl.A' one fluid had more than 6 cells per c.mm. 
The protein content was determined in 27 fluids. The results 
varied between 80 and 11 mg. % with an average of 29 mg. per 
100 cc. Only one fluid had a protein content greater than 45 mg. 
per 100 cc. and in this case the fluid from a subsequent puncture 
showed a normal protein content. The sugar content W'as deter- 
mined in 7 fluids. The results varied from 114 and 52 mg. with 
an average of 73 mg. per 100 cc. Only one fluid (from a patient 
with a mild diabetes mellitus) had a sugar content greater than 
100 mg. %. The chlorid content was determined in five fluids. 
The results varied between 769 and 715 with an average of 739 mg. %. 
The colloidal gold test was normal in all fluids. 


Table 2. — The CEREBnospiNAi, Fluid During Migraine Headache. 
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gold\”LtIon observed. The Roes-Jones and Pandy tests, colloida 

1 Mild diShofn Kahn) tests were negative in all fluids. 

i. Bloody tan iwth blood sugar of 200 mg. per 100 cc. 

p. Ce 1 count and protein content not included in averages. 


uezi^szon. As is well known, certain forms of headache are 
associa e with and probably dependent upon an increased intra- 
lania (cerebrospinal fluid) pressure. These are the headaches 
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associated^ with brain tumors, congestive heart failure, uremia, 
“meningitis serosa,” post-alcoholic “wet brain,” and so forth. Such’ 
headaches are often increased by an increase in the intracranial 
pressure and relieved by a decrease in spinal fluid tension. The 
cases mentioned by Cushingis and Thomas^^ and certain of those 
reported by Mingazzini^ fall into this group. Another group of 
headaches, such as those occasionally following lumbar puncture, 
are associated with a low cerebrospinal fluid pressure. , These are 
often relieved by increasing the cerebrospinal fluid pressure. Finally 
there is a large and miscellaneous group of headaches which appear 
to be independent of the cerebrospinal fluid pressure. It is most 
likely that the migraine headache falls into this last group. 

One of the theories concerning the etiology of migraine implies 
an increase in the cerebrospinal fluid pressure. .This theory postu- 
lates a cereb al or meningeal congestion due to toxic or allergic 
reactions or to intracranial water retention. This congestion is 
presumed to distend the meninges thus producing headache. If 
such a congestion occurred it would be expected to produce a measur- 
able increase in intracranial pressure before or during the headache. 
Our observations with those of Pool et aD° demonstrate that only 
rarely is the cerebrospinal fluid pressure elevated in migraine during 
or between headaches. Our observations also indicate that increas- 
ing the cerebrospinal fluid pressure by inhalation of CO 2 , Jugular 
compression, coughing and straining, or decreasing it by hyperpnea 
or the removal of fluid does not consistently alter the intensity of 
migraine headaches in either direction. 

Pickering*® has observed that the headache following the admin- 
istration of histamin does not occur until the initial rise of cerebro- 
spinal fluid pressure is disappearing. Similarly, migraine headaches 
may follow changes in the cerebrospinal fluid pressure which have 
disappeared before the occurrence of the headache. Other theories • 
suggest that the migraine attack may be due to a localized dilation 
or spasm of one or more small vessels of the cerebral, pial or dural 
vascular bed with or without perivascular edema. 

Our observations neither add to nor detract from such theories. 
What observations we have made do suggest the necessity for 
further observations of the cerebrospinal fluid during theparoxj’smal 
Rnd interparoxj’^smal periods of “migraine.” 

Summary. 1. In 15 cases of migrame, the cerebrospinal fluid 
pressure, measured during a migraine headache, was slightly ele- 
vatei in 1 case (190 mm. of water), slightly low in 3 cases (40, 50 
and 80 mm. of water) and averaged 123 mm. of water. 

2. In 29 cases of migraine observed during an asymptomatic 
interval, the cerebrospinal fluid pressure was slightly elevated in 
2 cases (185 and 190 mm. of water), low normal in 3 cases (90, 90 
and 95 mm. of water) and averaged 139 mm. of water. _ 

3 In 43 determinations the total protein was normal in all fluids 
(exclusive of those contaminated by blood) irrespective of the pres- 
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ence of headache with the exception of 1 case which showed a 

normal value at a subsequent puncture. _ i m 

4. In 10 instances, the amount of sugar present m the spinal nuid 
was within the normal range irrespective of the presence of headache. 

5. In 7 fluids the chlorid content was normal. 

6. In all cases (44) the Ross-Jones and Pandy tests and colloidal 
gold reaction were normal except when the spinal fluid was con- 
taminated with blood subsequent to hemorrhage at the point of/ 

puncture. v • n 

7. The cell count was normal (less than 6 cells per c.mm.) in all 
but 2 cases which had 6 and 11 cells per c.mm. respectively (bloody 
fluids excluded). 

8. In all of the fluids the Wassermann (or Kahn) test was negative. 
Conclusion. We observed no significant abnormality of, nor con- 
sistent deviation from the normal cerebrospinal fluid pressure in 
44 cases of migraine. The total protein content, cytology and 
serology of the cerebrospinal fluid were normal. Any significant 
abnormality of the. cerebrospinal fluid renders doubtful a diagnosis 
of migraine. 
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There is general agreement concerning the use of the arbitrary 
term, migraine, to designate those cases of recurrent headaclies 'irith 
their allied symptoms of nausea, vomiting and visual disturbance. 
Because of the almost purely subjectii'e nature of tlie findings in 
this disease, it is not difficult to understand the multiplicity of 
explanations as to the true etiology of migraine, or the even greater 
number of widely differing therapeutic procedures recommended to 
bring about relief. That the underlying cause of this common con- 
dition is still obscure is evidenced by such wide differences of opinion 
as recently offered by Riley,' Hartung,” Moehlig,® Vaughan, ‘'-® 
Hunt,® Poldes,^ and others. 

In Riley’s exhaustive study and review of the literature of 
migraine prior to 1932 but slight mention is made of tlie possible 
allergic nature of this disease; whereas various other writers liave 
completely disregarded allergenic factors as being of importance. 
Although an interrelationship between allergy and migraine lias 
been suspected for some time, it was first empliasized by Vaughan' 
in 1927, and subsequently studied by Rowe,® Balyeat and Rinkel,® 
Forman,'® De Gowen," Diamond,'- and other more recent writers. 
Because of the still prevalent wide differences of opinion in this 
regard it would seem tliat it might be of value to present additional 
evidence in support of allergic factors in the genesis of migraine- 
like headaches. 

The material for this study consists of a series of 127 cases wliich 
were seen in the UniversitA’ Hospital during the years 1931 to 1934. 
In all instances the headaches were localized to the frontal region. 
In 61.4% head pain was unilateral frontal in location, always occur- 
ring upon one or tlie other side. In 26% the attacks were most 
frequently bilateral frontal. In the other 12.6% of cases the dif- 
ferentiation betAveen the unilateral or bilateral localization of pain 
was not recorded. 

It should be emphasized that the irregularity in regarrl to tlic 
time interval between headaches characterized this series of eases. 
The individual attacks varied from instances of almost daily .occur- 
rence to a frequency of once in approximately 3 montlis, or upon 
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the average of every 18 days. The duration of individual seizures 
ranged from an hour to that of / days, an average of^ 42 hours 
elapsing between the initial symptoms and the termination of the 
postmigrainous manifestations. 

^^isual disturbances were very frequently, although not invariably, 
associated. In all instances nausea and vomiting had at some time 
been present. 

Those cases in which other central nervous system disease or 
involvement of the paranasal sinuses occurred were excluded; errors 
of refraction were previously corrected. The routine study included 
a careful history and general physical examination. All patients 
were routinely tested with 96 food extracts and 25 epidermals as 
prepared by the method of Coca.'* All testing was done by the 
intradermai method, using 0.03 cc. of a 1 to 1000 dilution for each 
injection and employing the skin of the back for the test site. In 
the majority of instances the entire group of injections was done 
during one afternoon, the readings were made in 30 minutes and 
again after IS hours. 

In this group of 127 cases there were 95 females (74.8%) and 
32 males (25.2%)- The average age at the time the patients w^ere 
first seen was 37 years, the youngest 17 and the oldest 83. The 
average duration of symptoms had been 20 years. 

Age of Onset of Symptoms. Table 1 shows the age in terms 
of decades at which time the occurrence of headaches was first 
noted. Those patients who had the beginning of their symptoms 
as early as they could remember were included among those in 
the first decade. It is noteworthy that migraine-like headaches 
occurred before the age of 16 years in 58% of cases. 

Table 1.—Age or Onset of Symptoms in Decades IVith Pekcentage fob Each 

Decade. 

Years. Per cent. Y’ears. Per cent. 

0-10 39.4 31-40 7.1 

11-20 33.0 41-50 0.8 

21-30 18.9 51-00 0.8 

Family History of Allergy. A familial incidence of allergy 
was found to be present in 81.6%. A maternal atopic background 
was evident in 58.4% against a paternal allergic history in 33.6% 
of cases. Included in these two groups 16.8% of patients revealed 
a bilateral positive family history. Although allergy did not appar- 
ently exist in the familial antecedents of the remaining 6.4%, a 
historj" of atopy was found to be present on the offspring of these 
patients. Table 2 shows the specific incidence of these various 
allergic states said to have existed in these families. Closer analysis 
showed that migraine was found in 68% of the families: a history 
m the mother of 48.8%, and in the father in 20%, whereas in 5.6% 
of the cases both parents had typical recurrent headaches. Migraine 
existed in the siblings only in the remaining 4.8%. 
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Table 2. — Familial Incidence of Allergy. 


Migraine 

Maternnl 

(families). 

. , . . 63 

Paternal 

(families). 

27 

Hay fever* 

. ... 9 

11 

Asthma 

. . . . 8 

7 

Eczema 

. . . . 4 

4 

Urticaria 

. ... 2 

2 

Includes both seasonal and perennial hay fever. 


Siblings 

(families). 

30 

10 

10 

6 

4 


Children 

(families). 

3 

3 

3 

4 

5 


Presence ov Other Allergy. In 43 of this group of 127 cases 
(34%) an incidence of other allergic manifestations was reported 
as shown in Table 3. 


Table 3.— Other Types of Allergy Shown by 127 Cases of Migraine. 

Gases. 


Hay fever* 22 

Urticaria 17 

Asthma 4 

Gastro-intestinal allergy 4 

Sensitization dermatitis 3 

Angioneurotic edema 1 


* Includes both seasonal and perennial hay fever. 

Contributory Factors, Other Than Foods, Associated With 
the Precipitation of Headaches. Jt had been noticed in the 
routine histories that patients frequently related their sick head- 
aches with a wide and varied group of extrinsic causes other than 
foods. A total of 78 cases (61%) gave such a history. It may also 
be noted that the clinical manifestations of migraine would fre- 
quently occur entirely independently of these suspected environ- 
mental factors. Table 4 lists these associated agents which were 
reported by the patients as being influential in the induction of 
their attacks. 

Table. 4 — Contributory Factors Suspected by Patients as Precipitating 

Headaches. 


Menses 

. . 30 

AVorry 

Emotional upsets 

. . 21 

Constipation . . . . 

Excitement . 

. . 13 

Eye strain 

Fatigue 

. . 10 

Drafts 

Exertion . 

. . 7 

Colds 

Nervousness . 

. . 6 

Dust 

Warm weather . 

. . 3 

Sunshine 

Cold weather 

. . 3 

Noise 

High humidity . 

. . 3 

Too much sleep 


Foods Suspected by the P.\tients as Causing Headaches, 
In 47 cases (37% of the total) it was suspected by the patient that 
the ingestion of certain specific foods had a direct association with 
the onset of a migrainous attack. Many patients, entirely by their 
ovTi volition, had learned to eliminate these articles of their diet. 
In Table 5 are given the 15 most commonly suspected foods in the 
order of decreasing incidence. 
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T.vble 5. — Order of 
1. Onion 
3. Bean 

3. Egg 

4. Coffee 

5. Tomato 


Incidence of Specific Foods 

6. Meat 

7. Milk-cream 

8. Cabbage 

9. Peanut 

10. Strawberry 


Suspected by Patients. 

11. Radish 

12. Lettuce 

13. Asparagus 

14. Cocoa 

15. Apple 


Foods Detected by Skin Testing. In Table 6 are listed the 
foods most commonly found to give positive skin reactions. The 
minor variations from the lists reported by other writers may be 
due in part to the dietar}^ habits of people living in this particular 
geographical area. 


Table C.— Incidence of Foods Giving Positive Skin Tests. 


1. Grains (wheat chiefly) 0. Onion 

2. Coffee 7. Peanut 

3. Pea 8. Radish 

4. Celery 9. Cabbage 

5. Berries 10. Cocoa 


11. Milk-cream 

12. Tomato 

13. Date 

14. Spinach 

15. Carrot 


Summary of Results of Treatment With an Elimination 
Program. Each patient was instructed upon a rigid elimination 
plan in which all skin reacting foods and all foods suspected by the 
given individual as producing symptoms, regardless of the skin 
reactions, were entirely removed from the diet. In addition all 
patients were instructed to keep a dietary diary as described by 
Vaughan.^'^ Upon return visits the results of treatment were eval- 
uated and certain suspicious foods were cautiously added to the 
diet. 

Adequate follow-up information was obtained either by direct 
questioning upon return visits or otherwise by questionnaire in 
77 cases (60.6% of the total group). Of this number it was known 
that all patients followed instructions completely from periods of 
time ranging between 6 weeks and 4 years, or an average of 8.5 
months. Table 7 lists statistically the results from this type of 
treatment. By “complete relief” is meant those cases having no 
recurrence of their migraine headaches during the period in which 
they were followed. “ Excellent relief” includes the group in which 
headaches were of rare occurrence. “Good relief” indicates those 
in which the number and severity of attacks were reduced to less 
than one-half, or in which the seizures were distinctly less severe. 

Table 7. — Results of Treatment. 

Per cent. 


Complete relief 18.2 

Excellent relief 20 0 

Good ; ; ; ; ; ; 

t air relief 13 0 

Little or no relief 33 7 


From the above table, 66.3% were at least partially or completely 
relieved of their recurrent headaches, in contrast to approximately 
one-third of the cases receiving no benefit. 
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is interesting to note that within this group of 77 cases only ■ 
47.7 % of the male patients were adequately relieved of their symp- 
toms following their specific elimination program outlined, whereas 
72.2% of the females received a satisfactory therapeutic result, 
Vaughan,® on the other hand, found a correlation between sex 
incidence and results exactly opposite to this. Of this series of 
women patients, those in whom the train of migraine symptoms was 
frequently precipitated by the occurrence of the menstrual cycle 
received significantly less relief than in that group in which there 
was no known association ivith the mense^. 

Whether attacks of migraine began before or after the age of 
16 years apparently made no practical difference in the general 
response to treatment. Neither did the length of time the patients 
had suffered from migraine symptoms seem to alter the final results. 
In like manner the presence or absence of a positive family history 
of migraine or other allergj^ appeared to be in no relationship to 
the expectancy of beneficial returns. Similarly no statistical impor- 
tance could be derived from the fact that 73.5% of the patients 
giving a history of suspicious foods were relieved bj’^ treatment, 
whereas 62.8% of the group without such a history were improved. 

There seemed to be some evidence to point toward a slightly 
better prognosis in those patients who gave a history of other asso- 
ciated allergic manifestations than in the group with negative his- 
tories in this respect. In the former 24 cases receii^ed relief against 
7 who were not benefited. In the series with migraine as the only 
allergic disease present in the family 26 cases were improved with 
elimination programs against 20 with no change in symptoms. 

Conclusions. A group of 127 cases of migraine-like headache, 
studied and treated from the allergic point of view, has been pre- 
sented. 

The results of treatment in the 60.8% of patients from whom 
adequate follow-up information was available showed that two- 
thirds of this number experienced relief of symptoms, partial or 
complete, following tlie rigid avoidance of suspected articles of the 
diet as determined by skin testing and dietary history. 

We believe that allergy is an important contributory factor in 
certain cases of irregularly recurrent migraine-like headache. 


references. 

1. Riley, H. A.: Migraine and Its Treatment, Bull. New York Acad. Med., 

~2.* Hartung, E. F.: Endocrine Factors in Migraine, Med. J. and Rec., 132, 497, 

MoeWig, R. C.; Migraine; Study Based on 100 Cases, Endocrinologj’, IS, 
11 1931. 

’4 Vaughan, W. T.; Allergic Migraine, J. Am. Med. Assn., 88, 13S3, 192/.^ 

5'. Vaughan, W. T.: Allergic Migraine, Analysis of FoIIow-up After Five Icare, 

T^'c-^^^BUious Migraine: Its Treatment n-ith Bile-salt Preparations, 
Lancet, 2, 279, 1933. 



URINARY CREATININ RELATIONSHIP 


237 


7. Foldes, E.: New Aspect of Migraine and Certain Related Conditions, with 

Discussion of Its Therapeutic Possibilities, Am. J. Dig. Di^ and Nutr., 1, 359, 19 . 

8. Rowe, A. H.: Food Allergy: Its Manifestations, Diagnosis and Treatment, 

Philadelphia, Lea & Febiger, 1931. _ • nr- 

9. Balyeat, R. M., and Rinkel, H. J.: Further Studies in Allergic Migraine 
Based on a Series of 202 Consecutive Cases, Ann. Int. Med., 6, 713, 1931. 

10. Forman. J.: Migraine-like Headaches Due to Allergy, Ohio State Med. J., 

29. 28, 1933. . , c.. . ^ t ah 

11. De Gowin, E. L.: Allergic Migraine: A Review of Sixty Cases, J. Allergy, 

3 55T 193^ 

12. Diamond, J. S.: Migraine: Pathogenesis and Treatment, Med. Rec., 139, 

634, 1934. . , , TT r 

13. Coca, A. F., Walzer, M., and Thommen, A. A.: Asthma and Hayfever in 

Theory and Practice, Springfield, 111., Charles C Thomas, p. 93, 1931. 

14. Vaughan, T.: The Diagnostic Program in Food Allergy, Am. J. Med. 
Sci., 182, 459, 1931. 


THE RELATIONSHIP BETWEEN URINARY CREATININ AND 
TOTAL BODY CREATIN, SURFACE AREA, 

AND BODY WEIGHT. 

By F. W. Kinard, Ph.D., 

INSTRUCTOR IN PHYSIOLOGY, 

J. C. Aull, Jr., B.S., 

INSTRUCTOR IN CHEMISTRY, 

AND 

John van de Erve, M.D., 

PROFESSOR OF PHYSIOLOGY, MEDICAL COLLEGE OF THE STATE OF SOUTH CAROLINA, 

CHARLESTON, S. C. 

(From the Laboratories of Physiology and Physiological Chemistry.) 

The literature contains many contradictory statements regarding 
the existence of a relationship between urinary creatinin and body 
weight, surface area, or other variables. In many of the studies, 
no account was taken of the influence of the varying quantities of 
ash, ether extract, and water. Other workers have generally dis- 
carded the viscera and skin, and many have not made concomitant 
determinations of ash, ether extract, and water. Comparatively 
recent work has shown that the skin contains an appreciable quan- 
tity of creatin. In view of these facts, well-controlled experiments 
have been carried out on rats, in which the comminuted animal, 
minus the contents of the gastro-intestinal tract, was analyzed for 
the various constituents. 

Body weight was the first variable to be related to creatinin elim- 
ination. Folin,^ in 1904, observed that body weight appeared to 
be the^ chief factor determining the amount of creatinin excreted 
by an individual, and that obese individuals excreted relatively less 
creatinin per kilo of body weight than lean ones. Then, in 1908, 
Shaffer- stated that “the amount of Kreatinine-nitrogen per kilo — 
the kreatinine coefficient — shows a direct parallelism with the mus- 
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cular development or strength, or 'muscular effieienej^’ of the indi- 
vidual.” Muscular development and creatinin elimination were 
correlated by McClugage, Booth and Evans.^ Patients e.xhibiting 
high creatinin coefficients were well-muscled, while those e-xliibiting 
low coefficients were either poorly-muscled or excessively obese. 
These facts were in general agreement with the observations of 
Tracy and Clark^ and also of Hodgson and Lewis® that the creat- 
inin coefficients of athletic women corresponded to those of men. 
These observations indicate that the fat content of the tissues 
markedly influences the relationship between body weight or tissue 
creatin and urinary creatinin. 

In infants, Daniels and HejiniaiP found that the relation of the 
creatinin output to the length of the child gave a more nearly 
accurate estimate of the physical development than is shown by 
the creatinin-weight relationship. Beard^ found that the correlation 
coefficients between the excretion of creatinin-nitrogen and the 
body weight, surface area, or height of a large number of students 
gave little if any evidence for a relationship between these variables. 

In 1913, Myers and Fine® found in skinned eviscerated rabbits 
a constant relation existing betu'een total body creatin and daily 
creatinin elimination, with the urinary creatinin also following the 
bodj' weight in every case. In tliis connection it is of interest that 
Chanutin and Silvette® have shown tliat the skin of rats averaged 
0,146% creatin. 

Mendel and Rose,*® in their creatin studies on rabbits, recognized 
the importance of considering the fat, ash, and water. The impor- 
tance of these factors was further emphasized by Benedict and 
Osterberg.** Shaffer'- called attention to the importance of the 
water and nitrogen content of tissues used in creatin studies. 
Relatively few workers have considered the possible influence of 
these factors upon the interpretation of the creatin-creatinin 
relationship. 

It is apparent from this review of the literature that there is a 
difference of opinion regarding the relationship between \irinary 
creatinin or creatinin coefficient and various body variables. 

Experimental. The rats used in these experiments were mature, healthy 
animals selected from our colony. Each animal was kept on a diet of 20% 
dried extracted beef,* 15% lard, 46% cornstarch, 5% cod-liver oil, 5% 
dried yeast, 4% salt mixture (Osborne and Mendel,” 3% sodium chlqnd 
and 2% agar, until a constant weight had been reached. The metabolism 
cage used was similar to that of Levine and Smith. 

Urine was collected daily for at least 7 days, and as much longer as ras 
necessary to obtain constant results. Weighings were made daily, pie 
rat was killed by a single blow on the back of the neck. Then through a 
long midline incision the intestines and stomach were removed quickW, 
opened and cleared of the contents. The contents alone were discarded. 
AH urine was e.xpressed from the bladder. The entire rat, minus tlic gustro- 
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Intestinal ballast, was thoroughly ground and mixed. The samples of 
tissue were placed in covered dishes and weighed immediately, ureatin 
determinations were made in triplicate while all others were m duplicate. 
The creatin was estimated by the method of Rose, Helmer, and Chanutin; 
the urinary creatinin by the method of Folin;'® and the total mtrogen by 
the Kjeldahl method. The fat was determined by extracting with ether 
in a Soxhlet apparatus the dried tissue residue from the total solid deter- 
mination. The tissue was incinerated oyer a low flame for ash. 

Surface area was estimated by a modified Meeh-Rubner formula. 

S = 12.54 X 

S is the surface area in square centimeters and W is body weight in grams. 
The formula used for the correlation coefficient and its probable error 
were as follows: 


r = — \7^’ error = 0.675 X In the formulie, 

S stands for summation; r, the correlation coefficient; x, the deviation of 
any item of the first series from the average of that series; y, the de\’iation 
of any item of the second series from the average of that series; ii, the 
number of items. 

Organic creatin refers' to the creatin in the water-, ash-, and fat-free 
tissue. 


Results. The results of the various analyses are summarized in 
Table 1. The ash, total solids and nitrogen are quite constant, but 
the fat varies considerably. These results approximate those of 
Chanutin.^’ 

The average of the creatinin coefficients is practically identical 
with that of Chanutin and Kinard.^* The creatinin coefficients wmre 
calculated daily and the average values listed in Table 1. 


Table 1. — Body Creatin and Urinary Creatinin of the Hat. 


Number. 

Dead weight, gm. 

6? 

4 

< 

Total solids, %. 

Ether extract, %. 

Creatin. 

Nitrogen. 

Creatinin coeffi- 
cient. 

Average daily cre- 
atinin, mg. 

Total body creat- 
m, mg. 

Surface area, 
sq. cm. 

Wet, %. 

Organic, %. 

Wet, %. 

Organic, %. 

19 . . 

329 

3.60 

36.1 

12.3 

0.311 

1.53 



16.0 

14.4 

1004 

406 

2 9 . . 

382 

3.22 

43.4 

22.1 

0.339 

1.88 

2.87 

16.0 

13.6 

13.6 

1276 

444 

3 9 . . 

395 

3.41 

43.3 

21.3 

0.300 

1.62 

2.95 

16.2 

14.4 

14.7 

1168 

453 

4 9 . . 

317 

3.54 

40.5 

17.0 

0.282 

1.41 

3.19 

16.0 

14.1 

12.1 

874 

397 

5 cf . . 

469 

2.87 

42.6 

20.4 

0.274 

1.40 

3.15 

16.3 

13.3 

16.2 

1263 

602 

6 c? . . 

452 

3.02 

42.8 

20.3 

0.279 

1.43 

3.08 

15.8 

14.4 

16.9 

1243 

491 

7 cf . . 

420 

3.22 

40.3 

16.9 

0.315 

1.56 

3.45 

17.1 

15.2 

16.8 

1301 

470 

8 cT . . 

382 

3,07 

43.5 

20.8 

0.267 

1.36 

3.14 

16.0 

12.1 

12.6 

1010 

444 

9 ex' . . 

403 

3.18 

41.4 

18.0 

0.285 

1.40 

3.22 

15.9 

14.0 

15.6 

1131 

459 


396 

3.46 

37.4 

13.2 

0.308 

1.48 

3.24 

15.6 

16.0 

16.9 

1201 

454 

11 9 . . 

329 

3.23 

47.6 

26.6 

0.240 

1.35 

2.81 

15.8 

13.7 

12.3 

776 

406 

12 9 . . 

269 

3.60 

40.6 

17.2 

0.268 

1.35 

3,06 

15.5 

15.4 

11.2 

699 

360 

13 9 

248 

3.42 

42.0 

19.4- 

0.263 

1.37 

3.15 

16.4 

14,5 

9.0 

636 

343 

14 9 . . 

272 

3.00 

41.4 

18.6 

0.293 

1.48 

3.07 

15.5 

13.8 

10.2 

779 

362 

Mean 


3.27 

41.6 

18.9 

0.287 

1.47 

3.11 

10.0 

14.3 

13.8 

1026 

428 
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The correlation coefficients are collected in Table 2. There is a 
good correlation between the average daily creatinin and total body 
creatin or total body weight or surface area. Perhaps there is 
a slight relation between percentage wet creatin and creatinin 
coefficient. 

Table 2.— ConnELATiON CoErPiciEN'Ta. 

Total body creatin and ar-crnge daily creatinin (0.S92 0,010) 

Body weight and average daily creatinin (0 . 904 0 . 009) 

Surface area and average daily creatinin (0 , 906 =*= 0 . 009) 

IrVet creatin, % and average daily creatinin (0.301 * 0.044) 

Organic creatin, % and average daily creatinin (0.210 * O.OGS) 

Organic body weight and average daily creatinin (0.942 * 0.005) 


Total body creatin 
Body weight 
Surface area 
Wet creatin, % 
Organic creatin, % 


and creatinin coefficient (0.000 * 0.048) 

and creatinin coefficient (—0.170 *' 0.069) 

and creatinin coefficient (—0.108 * 0.047) 

and creatinin coefficient (0.349 * 0.042) 

and creatinin coefficient (0 . 093 * 0 . 048) 


Discussion. Creatinin coefficients are frequently calculated from 
the average of the daily urinary creatinin and the body weight at 
the time of death. The value of the coefficient, therefore, depends 
upon the single weighing of a rather variable factor, body weight. 
It appears more reasonable to calculate the coefficients daily or to 
use the average daily weight and average daily creatinin. 

It seems that the percentage wet creatin— taking no account of 
the varying quantities of ash, water, and especially of fat— should 
bear a less constant relation to the average daily creatinin than 
does the “organic" creatin. However, this is not the case. 

Myers and Fine® found in skinned, eviscerated rabbits that tlie 
ratio between total body creatin and daily creatinin was the most 
reliable means of comparing these substances because the factor of 
body weiglit is thereb, 5 ' eliminated from the calculations. In the 
present stud}', in which the skin, stomach and intestines were 
retained, the correlation coefficient betu'een total bod.y creatin and 
average daily creatinin of the rat is (0.892 0.010). Tin's coeffi- 

cient is slightly lower than those obtained in correlating body weight 
and surface area with the creatinin elimination. 

ISIyers and Fine also stated that animals with a low percentage 
content of body creatin exhibited a low creatinin coefficient. Their 
data only partially confirm the statement, for omitting the two 
extreme values, the correlation coefficient is only (0.521). In the 
present study in rats, the correlation coefficient Imtween total body 
creatin and creatinin coefficient is (0.000 =<= 0.048). 

In students, Beard' found little if any relationship between 
creatinin excretion and surface area, and between creatinin nitrogen 
and body weight. Our data indicate that the average daily creatinin 
is related to both the body weight and surface area, buUhe creat- 
inin coefficient is related to neither of these variables. The corre- 
lation coefficient between “organic" body weiglit, i. c., the total 
ash-, fat-, water-free tissue, and' the average daily crcntinm is 
(0.942 0.005). 
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Apparently the total body creatin, body weight and surface area 
are related to the average daily creatinin, but not to the creatinin 

coefficient. _ i • .1 

Summary. A statistical analysis of data obtained in the rat 

indicates the existence of a definite relationship between the average 
daily urinary creatinin and to total body creatin or body weight 

or surface area. _ . . 

Apparently there is no relationship existing between the creatinin 
coefficient and total body creatin, body weight or surface area. 

The percentage wet creatin of the whole rat possibly bears a 
slight relation to the average daily creatinin or creatinin coefficient, 
but the percentage “organic” creatin bears no relation to these 
variables. 

A very high correlation coefficient was obtained between “organic” 
body weight and the average daily urinary creatinin. 

In all the experiments, the whole animal, excepting the contents 
of the stomach and intestines, was used for analysis. 
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FAILURE OF INTRAVENOUS HYDROCHLORIC ACID TO 
SHORTEN ANESTHESIA.=^ 

By F. W. Kinard, Ph.D., 

INSTKUCTOK IN PHYSIOLOGY, MEDICAL COLLEGE OP THE STATE OF SOUTH CAHOLINA, 

AND 

John van de Erve, M.D., 

PROFESSOR OF PHYSIOLOGY, MEDICAL COLLEGE OF THE STATE OF SOUTH CAROLINA, 

CHARLESTON, S. 0. 

(From the Department of Physiology.) 

In view of the widespread interest in the announcement that 
intravenous injections of N/lO hydrochloric acid promptly terminate 
anesthesia and because of the great practical value of such a dis- 
covery, it was deemed advisable to carrj^ out controlled experiments 
testing the accuracy of this report. 

It seems that Miss Moorman,^ of Joplin, Mo., having found that 
intravenous injections of hydrochloric acid terminated anesthesia 
in animals, told Dr. MacGilvra who, with a Kansas City laboratory, 
verified the results. The injections were then used successfully in 
a patient in an emergency. In 7 other instances, anesthesia in 
patients was terminated by the use of the acid. 

MacGihn’a^ reported that the hydrochloric acid injections had 
accelerated the recovery of rabbits, guinea pigs, rats, monkeys, and 
8 human beings under ether anesthesia and 1 human being under 
avertin anesthesia. No details were given except in the case of 
the patient under avertin anesthesia. Ellison and MacGihTa® later 
discussed the remarkable recovery of this patient and suggested 
further probable uses of the hydrochloric acid injections. 

Shambaugh and Boggs,^ however, were unable to accelerate recov- ■ 
ery from anesthesia in dogs anesthetized with ether or avertin or 
nembutal by the intravenous injection of N/10 hydrochloric acid. 
Neither were they^ able to shorten the recovery period of guinea 
pigs, rabbits, dogs, monkeys and baboons from ether, pentobarbital 
sodium and tribrom-ethanol narcosis. Control animals were used 
in these experiments. 

In ^^ew of these differences it was decided to carry out carefully 
controlled exiperiments on dogs and rabbits anesthetized with ether, 
pentobarbital sodium, and paraldehyde® to study the effect upon 
the recovery of the animals following the intravenous injection of 
N/10 hydrochloric acid. 

Methods, Mature, well-nourished dogs and rabbits were u.-^ed in all 
experiments. In some cases the animals were subjected to anestlie.9ia 
se\Wl times, but only after a rest of at least 7 da3’s. 

* Read before the South Carolina Academy of Science, Columbia, S, C. April & 

? 935 . 
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Pentobarbital sodium (nembutal) was given by inhalation, and the 
paraldehyde was given by stomach tube. Ether was administered evenly 
to a point where respiratory failure appeared imminent. The N/10 hydro- 


Table 1. — Ethek.* 


Aniiral. 

Weight, 

kg. 

HCl, 

N/10 

cc. 

Attempts 
to stand, 
minutes. 

Stands, 

minvitcs. 

Walks, 

minutes. 

Dog . 

17.6 

10.0 

io.o 

11.0 

11.5 

ti 

17.7 

10.0 

10.0 

10.5 

11.0 

it 

6. '-4 

1.5 

g.o 

10.0 

10.6 

it 

7.3 

5.5 

7.0 

10.5 

11.6 

a 

10.0 

10.0 

9.0 

11.5 

12.5 

a 

9.5 

8.0 

7.5 

12.5 

19.0 

“t ’ 

6.0 

0.0 

5.0 

7.0 

7.5 

“t - 

'7.4 

0.0 

4.0 

5.5 

6.0 

‘■•1 . 

16.2 

0.0 

5.0 

7.0 

8.0 

“t . 

18.2 

0.0 

5.0 

6.0 

6.5 

“t . 

10.1 

0.0 

19.0 

21.0 

21.0 

Rabbit 

2.2 

1.0 

3.0 

9.0 

9.5 


2.3 

2.0 

4.0 

8.5 

11.0 

<i 

2.8 

2.0 

9.0 

11.5 

20.0 

i< 

1.9 

2.0 

9.0 

14.0 

15.0 

« 

2.7 

2.0 

5.5 

18.0 

21.0 

ii 

2.7 

2.0 

5.0 

7.5 

8.0 

“t 

2.7 

0.0 

4.0 

4.2 

5.5 

“1- 

1.0 

0.0 

10.0 

11.0 

11.5 

“t 

... 2.4 

0.0 

■2.5 

5.2 

5.5 

‘‘t 

1.9 

0.0 

4.5 

6.5 

18.0 

“t 

2.2 

0.0 

5.5 

8.5 

9.0 

“t 

. . . . ! 2'.4 

0.0 

6.5 

7.0 

8.0 


* Administered by inhalation, 
t Control. 


-Animal. 

Dog . 
(( 

it 

it 


“t 

“t 

“t 

‘‘t 

Rabbit 


II 


"t 

“t 

“t 

“t 


Table 2. — Nembutal.* 




HCl. 

Attempts 



Do.sago, 

Weight, 

N/10 

to stand, 

Stands, 

Walks, 

gr. 

kg. 

cc. 

hours. 

hours. 

hours. 

7.9 

17.9 

5.0 

5.2 

5.5 

6.0 

3.7 

S.3 

2.5 

6.5 



7.9 

18.0 

10.0 

9.0 

9.8 

10.0 

7.4 

16.7 

10.0 

6.8 

S.O 

S.O 

8.2 

18.7 

10.0 

4.0 

4.5 

4.5 

8.1 

18.4 

10.0 

3.6 

4.6 

4.7 



10.0 




6.9 

15.6 

5.0 

5.8 

6.1 

6.1 

7.4 

16.8 

0.0 


9.5 

9.5 

8.2 

18.6 

0.0 

5.S 

6.0 

6.1 

4.8 

10.8 

0.0 



13.0 

3.0 

6,8 

0.0 

2.8 

3.0 

3.2 

1.1 

1.9 

1.0 

2.6 

2.7 

3.2 

1.4 

2.4 

2.0 


3.0 

3.0 

1.5 

2.6 

1.8 

2.2 

2.2 

2.3 

1.3 

2.2 

2.0 

1.1 

1.7 

1.7 

1.4 

2.5 

3.0 




1.^ 


2,0 

3.3 

2.4 

2.4 

2.7 

0.0 

3.0 

3.1 

3.3 

1.7 

2.9 

0.0 


2.5 

2.5 

1.2 

2.1 

0.0 


2.1 

2.2 

1.1 

2.0 

0.JD 

1.2 

1.3 

1.3 


Intraperitoncal injection, 
t Control. 
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chloric acid was injected slowly into the external saphenous vein of the 
dog and into an ear vein of the rabbit in amounts varjdng from 2 to 10 cc * 

TabIiE 3. — Pabaedehvde.* 


Animal. 

Dosage, 

Weight, 

HCl, 

N/10 

Attempts 
to stand, 

Stands, 

Walks 

gr. 

kg. 

cc. 

hours. 

hours. 

hours. 

Rabbit . 

. 52,5 

2.7 

2,0 

1.0 

5.9 

6.1 


. 46,5 

2.4 

2.0 

4.9 

5.9 

6.3 

"t : : 

. 51.0 

2.C 

2.0 

4,3 

6.0 

6.1 

. 52,5 

2.7 

0.0 


5.0 

5.1 

“t . . . 

. 48.8 

2.5 

0.0 

3.0 

4.1 

4.7 

"t . . . 

. 48,8 

2.5 

0.0 

5.0 

5.5 

6.0 


* Administered by stomach tube, 
f Control. 


In nembutal and paraldehyde anesthesia time was measured from the 
moment the prone animal showed evidences of general relaxation until the 
animal attempted to stand, stood, walked. In ether anesthesia, time was 
measured from the moment respirator}'- failure appeared imminent until 
the animal attempted to stand, stood, walked. 

Groups of anirnals were anestlietized on the same day in an effort to 
duplicate all conditions. From the groups, random selection was made of 
control animals. The control animals were treated exactly like the others 
except that no hydrochloric acid was administered. 

Results. Recovery from nembutal anesthesia or from ether 
anestliesia in the dog and rabbit was not hastened by the intra- 
venous injection of N/10 hydrochloric acid. 

Recovery from paraldehyde anesthesia in the rabbit was not 
hastened by the intravenous injection of N/10 hydrochloric agid. 

Discussion. As in all work of this nature, individual differences 
in reaction were noted. It is felt, however, that a sufficiently large 
number of animals was used to justify the conclusions. 

Iramediatel}' follou'ing the injection, tlie respiratory rate increased, 
as was expected. However, the recovery period was not shortened, 
but possibl.y lengthened. 

The exjieriments were not continued further because no evidence 
whatsoever was found that the hydrochloric acid hastened the 
recovery from anesthesia. 

Summary. Intravenous injections of X/10 hydrochloric acid do 
not hasten recovery of dog and rabbit from nembutal, ether or 
paraldehyde anesthesia. Apparently, such injections tend to 
lengthen the period of anesthesia. 
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MULTIPLE MYELOMA WITH HYPERPROTEINEMIA. 
CASE REPORT. 


By Charles F. Sweigert, ISI.D., 

CIjINICXIi instructor in medicine, STANFORD UNIVEUSITV MEDICAL SCHOOL; 
ASSISTANT VISITING PHYSICIAN, SAN FRANCISCO HOSPITAL, 

SAN FRANCISCO, CALIF. 


(From the Department of Medicine. Stanford University, and the Department of 
Health, City and County of San Francisco.) 

Multiple myeloma is a rare disease comprising about 0.03% of 
all malignancies.^ Its rarity and consequent nnfamiliarity consti- 
tute an obstacle to its recognition and account for the “low index 
of suspicion” among clinicians regarding it. The clinician, con- 
fronted by it, is liable to be taken unaivare and may fail even to 
suspect it as a diagnostic possibility. The diagnosis has too fre- 
quently been suggested by the radiologist and even the pathologist. 
Moreover, the range and variety of its clinical manifestations may 
be confusing. The disease may involve the skeletal, hemopoietic, 
respiratory, gastro-intestinal and neuromuscular systems, A inul- 
tix)licity of symptoms and apparently unrelated findings is thus 
possible and may produce a complex clinical picture difficult, at 
times, to correlate and interpret. A knowledge of the fundamental 
pathologic processes entailed, namely tumor growth of hemopoietic 
tissue with invasion and destruction of bone and bone marrow, is 
helpful to an understanding of the symptomatology and clinical 
evolution of the disease. A detailed description of these, however, 
is beyond the scope of the present report. An excellent one may 
be found in the fairly recent and exhaustive review of Geschickter 
and Copeland.'-- 

Of the diverse clinical features of the disease none is pathogno- 
monic; several, as isolated findings; are highly suggestive of myel- 
oma and in combination are strong presumptive evidence of it. 
Hie authors referred to above have summarized the more important 
of , these essentially as follows: (1) Multiple involvement of the 
skeletal trunk in an adult; (2) pathologic fracture, especially of a 
rib; (3) the excretion of Bence-Jones bodies; (4) characteristic 
lumbar pain with signs of early paraplegia; (5) an otherwise inex- 
plicable and increasing anemia of the primary type; (6) chronic 
nephritis with nitrogen retention and normal or low blood pressure. 
Ihe significance of the last two as clinical leads to the diagnosis of 
multiple myeloma is perhaps not sufficiently appreciated. If, when 
they occur, one fails to recognize them as unobtrusive indications 
of the disease, he is likely to be confused or even misled by wbat 
would otherwise be valuable diagnostic clues. If the findings ordin- 
arily associated with multiple myeloma are absent or inconspicuous 
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the existence of an unexplained anemia, especially if it simulates 
the primary type or the occurrence of an unusual nephropathy may 
give the only clue to the real nature of the disease. These findings 
should always prompt a search for Bence-Jones proteinuria and 
other evidences of multiple myeloma. 

The reasons for reporting the present case are as follows: (1) The 
diagnosis of multiple myeloma was first suggested by the existence 
of an apparently at-^^ical “nephritis” and an unusual progressive 
type of anemia which at first largely overshadowed the more clin- 
ically characteristic but less strikingly evident features of the dis- 
ease. It illustrates these particular aspects of myeloma, emphasizes 
their importance from a diagnostic standpoint and conveniently 
epitomizes the at^qjical blood and renal findings. (2) A more perti- 
nent reason, however, was the occurrence of a markedly increased 
concentration of the plasma proteins. Several writers, in recent 
years, have called attention to a remarkable hjperproteinemia 
associated with multiple myeloma. The condition is especially 
interesting from the standpoint of pathologic physiology. However 
in several instances it has been accompanied by and probably 
causally related to a variety of unusual and even bizarre clinical 
phenomena. This is quite apparent in the few cases that have been 
reported thus far. It is considered worth while therefore to review 
these briefly and to report our OTvm observations in the present case. 

Hyperproteinemia. Hjpjerproteinemia is decidedly uncommon. 
Its occurrence has been reported in several conditions other than 
multiple myeloma. Perlzweig, Delrue and Geschickter^ and Johan- 
sen^ found instances in the literature in which it was associated with 
an undiagnosed case with enlarged inguinal glands, with neoplasms, 
especially large kidney tumors and with certain types of infections, 
notably kala-azar. The most striking cases, however, have been 
found in association with midtiple myeloma. It has been known 
for a long time that cases of multiple myeloma may exhibit abnor- 
malities of the plasma proteins.® These, in most instances, were 
attributed to Bence-Jones protein in the semm. However the 
first case of hyperproteinemia, associated with multiple myeloma 
was reported by Perlzweig, Delrue and Geschickter.® Geschickter 
subsequently observed a second case.* Following their report 15 
additional cases have been either reported or referred to in the liter- 
ature. Bannick and Greene,® Peters and Eisenman* and Shirer, 
Duncan and Haden® each observed 2 cases. Kurapf,® Jores,"' 
Johansen,^ Reimann,” Wintrobe and Buell,® Bonniger’* and Can- 
tarow’® have each reported a case. Reimann’* also cited an unpub- 
lished case of jMedes. These instances of hyperproteinemia are al^ 
that have been reported or referred to in approximately 500 casca 
of multiple myeloma in the literature.^ This, however, aflords no 
basis for conclusions regarding its incidence, for there have been 
only approximate!;'*' 35 reported .cases of multiple myeloma m 
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which satisfactory quantitative investigation of the plasma proteins 
has been carried out. These figures emphasize the inadequacy of 
our data and the impossibility of drawing reliable conclusions from it. 

We know, hoAvever, that the concentration of the plasma pro- 
teins in multiple myeloma is quite variable, for in more than half 
the cases in which they have been determined they have been found 
to be within normal limits or diminished. Considering the loss of 
protein tlirough the kidney (serum-albumin and Bence-Jones 
protein) and the malnutrition and cachexia that commonly occur in 
the course of the disease, Chester*^ regards hypoproteinemia as 
more consistent with multiple myeloma. He is of the opinion that 
repeated observations over prolonged periods would reveal a rela- 
tively higher incidence of hypoproteinemia even in those cases in 
which the plasma proteins had previously been high. Such a Anew, 
hoAvever, is not confirmed in the present case. Repeated determina- 
tions disclosed a marked and sustained elcA^ation of the plasma 
proteins. In fact the last determination, made on the day of exitus, 
Avas actually higher than the figures preAUously obtained. Peters 
and Eisenman'^ pointed out the lack of correlation betAveen total . 
protein values and the nutritive state in conditions in Avhich globulin 
is elevated. Hyperproteinemia is entirely compatible AAuth malnu- 
trition, the latter being eAudenced by reduction in the albumin con- 
centration. The albumin deficit howeA’'er may be compensated by 
excessive increases in globulin. 

In the cases thus far reported in which fractional analysis has 
been carried out the abnormally high concentration of the plasma 
proteins has been shoAAm to be due either to hyperglobulinemia or 
actual Bence-Jones proteinemia. Perlzweig, Delrue and Geschick- 
ter,® Johansen,^ and Bannick and Greene® found high A^alues for 
euglobulin and less significant amounts of pseudoglobulin I and II. 
Reimann’s” case is exceptional in that it showed an excessive con- 
centration of fibrinogen (5.48%). Shirer, Duncan and Haden® and 
Cantarow^® demonstrated extraordinary amounts of Bence-Jones 
protein in the serum of their patients. An actual decrease in the 
albumin concentration occurred in cAmry instance in.AA^hich frac- 
tional determinations were reported. Jacobson^® reported a case 
in Avhich 7.8% of Bence-Jones protein was found in the blood. In 
Anew of the fact that no entirely satisfactory method has been dcAUsed 
for the quantitative estimation of Bence-Jones protein in plasma, 
his figures haA'^e been regarded with skepticism by most subsequent 
Valters and Perlzweig, Delrue, and Gescliickter® considered the 
milk of the protein in Jacobson’s case to ha Am been euglobulin. 
Hoa\ eA’'er, the reports of Shirer, Duncan and Haden® and Cantarow*® 
tend to support Jacobson’s findings. Since the figure for Bence- 
Jones protein in this particular case represented only part of the 
total plasma protein the latter undoubtedly was high. In 7 cases, 
including the present one, Bence-Jones protein aa'us found in the 
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serum or the urine, while in 5 cases it was not demonstrable in 
either. Thus hypertroteinemia, in some instances, may be due to 
an actual Bence-Jones proteinemia. However there still remains 
a larger group in which evidence of a relationship between the two 
is doubtful or entirely lacking. 

The pathologic physiology of hyperproteinemia and its peculiar 
association with multiple myeloma are entirely obscure. The fact 
that it is encountered, at least in its most striking form, in a disease 
otherwise characterized by the occurrence of abnormal protein 
(Bence-Jones) is worthy of note and indicates a probable bearing 
on the question of the origin of the plasma proteins in general. 
Perizweig, Delrue and Geschickter^ ha^-e suggested, in view of the 
fact that Bence-Jones protein is immunologically distinct from the 
normal blood and tissue proteins, that it may behave as a foreign 
protein capable of inducing a systemic reaction with hyperprotein- 
emia, such as is observed in animal and immunization experiments. 
This hypothesis seems untenable as the evidence at the present time 
indicates that, in some cases at least, hyperproteinemia may occur 
. independently of Bence-Jones protein while in others it is actually 
due to Bence-Jones proteinemia. Against it also is the fact that 
Bence-Jones protein ordinarily occurs in the serum or the urine 
without the production of hyperproteinemia. Reimann” inter- 
preted his obser\'ations as being in harmony with the theory that the 
lione marrow is a source of lilood proteins. Certainly the associa- 
tion of hj'perproteinemia and Bence-Jones protein with disease of 
the bone marrow is suggestive of more than a casual relationship 
between them. The suggestion, however, is less impressive when 
one considers that fibrinogen, a hepatic product, is likewise uni- 
formly increased. Again, Peters and Eisenman’' have found .con- 
sistent increases in the serum globulin in association with diseases 
of the liver, an organ also regarded as a possible source of blood 
proteins. The meagerness of our information concerning hyper- 
proteinemia does not permit any conclusions as to its cause or 
significance. The whole subject is vague and requires further 
elucidation. 

Why hyperproteinemia should occur in some cases of multiple 
myeloma and not in others remains unexplained. Quite as inexplic- 
able is the observation that in some cases it has produced no mani- 
festations by which it might be recognized clinically while in others 
it has presumably given rise to decidedly unusual and quite variable 
clinical phenomena. In the cases of Bannick and Greene, ® Peters and 
Eisenman,' Kumpf® and Jores,’® no mention is made of any unusual 
findings attributable to hyperproteinemia. In the cases in wlucn 
Bence-Jones proteinemia was present a precipitate formed in the 
serum at .56° during inactivation for the Wassennann reaction. 
Perizweig, Delrue and Geschickter* found it practically impossible 
in their case, to obtain serum for blood calcium determinations due 
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to failure of the blood clot to retract. This finding led them to an 
investigation of the plasma proteins and the discovery of a hjper- 
proteinemia. In Reimann’s'i case the hyperprotememia was dis- 
covered bj’ an inability to count the erytlwocytes in the counting 
chamber due to excessively rapid rouleaux formation. This aroused 
the suspicion of an abnormality of the blood proteins, most prob- 
ably an increase in fibrinogen. Autohemagglutination of the ery- 
throcytes was also observed in attempting to obtain a donor for 
blood transfusion and, likewise, an extraordinarily rapid sedimen- 
tation of the erythrocytes. Bonniger'- also experienced difficulty 
in counting the red cells in his patient, but in contrast to Reimann’s 
case, the cause was apparently a coagulation of the blood on contact 
with Hayem’s solution. The cells could be counted in physiologic 
salt solution. This observer also noted that the blood plasma was 
viscid and sticky and there was a “tendency of the erythrocytes to 
agglutinate.” It is interesting to note that Hopkins and Savory,^® 
23 j^ears ago, were unable to obtain an erythrocyte count in a patient 
with multiple myeloma on account of too rapid coagulation of the 
blood. The significance of this rvas not appreciated at the time. 
Johansen'* could not obtain specimens of citrated blood for examina- 
tion because of abnormal coagulation of the blood. Serum had to 
be exToressed from the clot apparently because the latter failed to 
retract normally. Only by using excessive amounts of citrate was 
he able to obtain a blood count. He also failed to obtain a sedimen- 
tation rate due to spontaneous agglutination of the cells. Wintrobe 
and Buell® observed spontaneous precipitation of protein which 
occurred invariably on withdrawal of blood from their patient. 
The latter presented a very unusual clinical picture in which tlrrom- 
bosis of the retinal veins occurred and circulatory changes in the 
extremities simulated Raynaud’s disease. The present case exlrib- 
ited the phenomenon of autohemagglutination as noted by Reimann** 
and a remarkably accelerated sedimentation velocity of the erj^- 
throcytes. Thus it is apparent that hyperproteinemia of the degree 
soinetimes encountered in multiple myeloma may account for a 
variety of unusual phenomena. It is therefore of some practical 
importance to the clinician and to the clinical pathologist to recog- 
nize the significance of these and their jirobable explanation on the 
basis of hyperproteinemia. The latter should always arouse a sus- 
picion of multiple myeloma. 

Case Report. L. P. (No. 1S0322), a 48-year-oId Portuguese male cook, 
was admnted to the San Francisco Hospital, on the Stanford Medical 
berace, Februaiy 9, 1934, complaining of pains in the back and right 
buttock of 3 months’ duration and bleeding from a tooth socket follovdng 
^traction of a tooth 1 month previousl 3 ^ His family history was negative. 
Jl/xcept for an apparently uncomplicated pneuniom’a in 1930 he had been 
reasonably strong and healthy until the onset of his present illness. There 
was no historj' of important trauma. 
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Present Illness. In September, 1933, about 5 months before his present 
entry, he was admitted to tlie San Francisco Hospital mth a facial erysip- 
elas which cleared up uneventfully in 10 days. He remained well until 
December, 1933, 3 months before entry. At that time he developed dull 
pain in .the right lumbar region and right buttock. The pain was at first 
intermittent, non-radiating and not definitely associated vith any activity. 
It gradually became more constant and severe, with occasional sharp 
exacerbations and aggravated by sudden movements. The pain continued 
for a month, at the end of which time, although he sought no medical 
attention, he was compelled to quit work on account of it. Early in Jan- 
uary, 1934, he developed pains in the left scapular region, which subsided 
gradually and spontaneously after 2 weeks. On January 4, 1934, he had 
an upper tooth extracted, following which he bled profusely and subse- 
quently continued to ooze blood even during his stay in the hospital. 
IVo weeks before entry he had a brief episode of chills and fever wliich 
cleared up in about 12 hours but left him ^yith a slight unproductive cough. 
For a month before entry he was in bed on account of pain, increasing weak- 
ness, cough and bleeding from the gums. He had lost about 30 pounds 
during the 3 months preceding his entry to the hospital. 

Physical Examination. At the time of entry he was moderately emaci- 
ated and appeared obviously ill. His temperature was 98.8°; pulse, 80 to 
100, and respirations, 20. The mucous membranes and nails showed 
marked pallor. The pupils and extraocular muscles were normal. Both 
fundi showed several small hemorrhages and the left fundus showed a large 
recent hemorrhage. No appreciable sclerosis of the retinal arteries, plaques 
or exudate were seen. The disks were normal. The picture was not at all 
characteristic of hypertensive neuroretinopathy. Examination of the 
mouth showed moderate pyorrhea and oozing of blood from the margins 
of several upper and lower teeth, the patient frequently expectorating 
bloody saliva. No local or generalized adenopathy was found. The chest 
was characteristically emphysematous and marked dorsal kyphosis was 
present. The lower rib margins approximated the pelvic brim. The heart 
was negative; blood pressure, 118/70 to 120/74. The lungs were apparently 
clear. The abdomen was negative and no viscera were palpable. The 
rectum, prostate and genitalia were noimal. There was marked tenderness 
to percussion over the fifth and tenth dorsal spines. Neurologic examina- 
tion was negative except for weakness of the right hand and definitely 
increased reflexes in the right upper extremity. 

Laboratory Findings. Blood. The blood showed a profound anemia 
with a color index greater than 1 on the first exammation and 1 or slightly 
less on subsequent examinations. The hemoglobin varied from 40% to 
27 % and the erjd.hrocytes from 1,900,000 to 1,400,000. The leukocyte 
count was normal except for one examination which showed a reduction 
to 3600. The smears constantly showed myelocytes and normoblasts and 
on one occasion myeloblasts were present. The red cells showed marked 
polychroraasia and moderate poikilocytosis. Of the neutrophils, 43% 'srare 
of the non-segmented type, while only 9% to 20% were segmented. The 
average diameter of the red cells was 8.1 and the average volume lOS cu. 
on a single examination. The erythrocytes showed a normal resistance to 
hypotonic saline solutions. The bleeding, clotting time and retractility 
were normal. A platelet count was not made but these were scarce in tlie 

smears. . , , , 

Urinalysis. The initial examination of the urme showed a moderate 
cloud of albumin, 2 to 5 red ceils per high-powered field and a moderate 
number of granular and hyalin casts. Of 2 Addis concentration tosrs, 
the first was suggestive of a hemorrhagic type of nephritis wth definite 
proteinuria and a relatively large number of red cells and casts m tlie 
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sediment: the second showed much less protein and a smaller number of 
red cells and casts. The concentrating power was somewhat dunimshed. 


Table 1.— Blood Picture. 
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The Wassermann lest was negative. The blood vrea was 43 mg. %. 
The hisiamin test meal gave normal volumes. The free hydrochloric acid 
varied from 0 in the fasting contents to 96°, and the total acidity from 25° 
to 104°. 

Roentgen examination showed a compression fracture of the first lumbar 
vertebra and diffuse osteoporosis of the lower ribs and lumbar vertebrtc. 
Films of the skuU, pelvis and extremities were negative. 

Diagnosis. Multiple myeloma was first suggested by the peculiar blood 
picture and evidences of an atypical “nephritis.” Although tliese are by 
no means constant or pathognomonic features of the disease, their combina- 
tion should always demand consideration of myeloma. This impression 
was supported by the persistent and distressing character of the back pain 
and the finding of Bence-Jones proteinuria. The latter was subsequent!}' 
repeatedly demonstrable in the urine. The Roentgen ray findings were 
entirely compatible with diffuse myelomatosis of the spine and ribs. The 
diagnosis also accounted for the emphysema, kj^phosis, tlie localized tender- 
ness over the spine and the compression fracture of the first lumbar vertebra. 


Table 2. — Blood Chemical Findings. 
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The protein determinations were done by the Kjeldabl method. 


Plasma protein determinations were made in conjunction with blood 
calcium and phosphorus studies. The latter gave normal values but the 
total plasma proteins were found to be markedly increased. The results 
of these and later determinations are included in Table 2. The finding of 
hyperproteinemia was considered strong confirmatory evidence for the 
diagnosis of myelomatosis. 
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Cmtrse. Except for some decrease in the severity of the pain, probably 
attributable to Roentgen ray, the patient’s course was characterized by 
progressive weakness and gradual failure. The anemia was not influenced 
by iron or liver therapy. He died March 13, 1934. Unfortunately, consent 
for biopsy or necropsy could not be obtained. Although pathologic con- 
firmation is lacking, it was felt the diagnosis rested on reasonably firm 
clinical grounds. 

Comment. In viev' of the high globulin and fibrinogen content 
of the plasma, \vhich are generally regarded as influencing the 
sedimentation velocity of the erj'throcytes, a sedimentation test 
was done. The red cells settled with striking rapidity and clumping 
of the ceils could be observed macroscopically. The cells settled 
a distance of 43 mm. in less than 15 minutes and so rapidly that 
it was impossible to obtain clear-cut interval readings. The normal 
sedimentation rate for the method Avould have been 10 mm. or less 
in 1 hour. For the same reason it was thought that the agglutina- 
tion of a prospective donor’s cells in the patient’s serum might 
possibly be accounted for by excessively rapid rouleaux formation, 
as observed by Reimann'^ rather than by true incompatibility. 
A control was done by matching the patient’s cells Avith his OAvn 
serum. Agglutination of the Ted cells occurred in the control. 
Reimann^* poihts out that this phenomenon of autohemagglutina- 
tion or pan-agglutination, does not necessarily indicate incom- 
patibility, and in such instances may occur as a result of rapid 
rouleaux formation, simulating true iso-agglutination. It can be 
distinguished from the latter by the fact that true iso-agglutinins 
may be removed from the serum by absorption and are less influ- 
enced by dilution of the serum. The practical importance of this 
is obvious. 

The capricious character of these phenomena is indicated by the 
fact that despite an increased tendency to agglutination of the 
erytlirocytes no difficulty As^as experienced in counting the red 
cells in the present instance. Also, in other cases Avith comparable 
increases in globulin and fibrinogen, apparently no unusual phe- 
nomena whatcA'er haA^e been obserA'ed.®'^'®’^“ 

The patient’s serum also gaA'e a positiA>'e aldehj^de test. This 
test, originally described by Napier*’’ is a useful diagnostic test for 
late kala-azar and is dependent upon an excess of globulin in the 
serum. The reaction consists in the formation of a white opacity 
and jellification upon the addition of a feAV drops of formalin to 
0.5 to 1 cc. of serum. 

Dr. Garnett Cheney, using a method described by Krogh and 
Nakazawa,*® found the osmotic pressure of the plasma to be within 
normal limits (270 mm. Avater). This agrees Avith the observations 
of others who haA’^e made determinations of the osmotic pressure of 
the plasma in hyperproteineraia.^-^-' This is not surprising when 
one considers the relative molecular size and osmotic influence of 
albumin as compared to globulin. The former exerts an osmotic 
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pressure approximately 4 times that of globulim In the hyperpro- 
teinemias thus far observed there has been uniformly a reduction 
of albumin but the resulting osmotic deficit has been compensated 
by the hyperglobulinemia. 

The peculiar type of anemia and clinical evidences of renal in- 
volvement as observed in our patient deserve some comment. 
Despite the fact that they have been associated with_ myeloma by 
various writers their' value as aids to the diagnosis is not as yet 
generally appreciated. Their occurrence is still more likelj'' to 
puzzle than to help the clinician. To call attention to them again 
and to emphasize their importance is perhaps not amiss. 

While anemia is frequent in myeloma its character is quite vari- 
able. In most instances it is of the secondary type and lacks dis- 
tinctive features. However there occurs occasionally an anemia 
of the type found in our case which differs from any of the ordinary 
anemias, either primary or secondary. This is characterized by a 
relatively high color index in which respect it resembles a primary 
anemia. It is progressive in its course and apparently uninfluenced 
by either liver or iron therapy. There is no association ivith achlor- 
hydria. The leukocyte count is usually normal, any increase in 
this being usually^ explicable on the basis of complicating infection. 
As the anemia increases immature cells may appear in the circulat- 
ing blood. The smears may show normoblasts, myelocytes and 
rarely myeloblasts, indicating a rather marked disturbance of the 
bone marrow with active regeneration. In this it differs from the 
aplastic type of anemias. There is a tendency for the mononuclear 
forms to increase. Such a blood picture is not pathognomonic but 
is sufficiently characteristic of -ttudespread disease of the bone marrow 
to suggest the possibility of myeloma, especially in the absence of 
bone metastases from a demonstrable primary tumor. 

In view of the recent interest in hjq)erparathyroidism it may 
be noted that this possibility was suggested by the Roentgen find- 
ings in the present case. The cases observed by Peters and Eisen- 
man,^ lores'® and Reimann" likewise simulated the Roentgen 
picture of hyperparathyroidism or diffuse osteoporosis. Aside 
from the fact that the Roentgen ray appearance at times may be 
indistinguishable the two diseases may present certain clinical 
resemblances.'® In both, skeletal changes may be prominent and 
pathologic fractures may occur. Hypercalcemia has been reported 
in myeloma. Secondary renal changes may occur in both 
conditions although these should be differentiated without difficulty. 
In the present instance the Bence-Jones proteinuria, anemia, to’per- 
proteinemia, normal blood calcium and phosphorus and absence 
of clinical signs of hjqDerparathj'roidism pointed strongly to mye- 
loma. Biopsy, not obtainable in this case, is of course usually 
decisive. 

Renal complications occur in approximately 70% of the cases 
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of multiple myeloma.- The renal changes may be divided into three 
groups: (1) Those produced by Bence-Jones proteinuria. This 
group constitutes the most common and- distinctive tj’pe of involve- 
ment. (2) changes merely incidental and in no way properly attrib- 
utable to myeloma per se or to Bence-Jones proteinuria. Among 
these are the degenerative vascular lesions which might reasonably 
be expected in any age group comparable to that of myeloma patients. 
In this group may be included also true glomerulonephritis and 
nephrosis, both of which may rarely complicate the disease. (3) 
pyelonephritis and related urinary tract infections incident to 
lesions of the spinal cord and consequent bladder paralysis. Amy- 
loidosis may occur as a result of myeloma but tends to have an 
unusual localization, the kidney involvement being rarely marked. 

It is with reference to the first group that the urinary findings 
in our patient are of interest. The latter were atjpical and inexpli- 
cable on the basis of any of the usual nephropathies. This fact led 
to a suspicion of myeloma and the finding of Bence-Jones protein 
in the urine. 

Our ideas regarding the relation of Bence-Jones proteinuria to 
renal injury' have been clarified by the recent investigations of 
Bell,®’ who confirmed the original \news of Bohnenkamp.^^ BelFs 
work has served to simplify the clinical picture and to establish 
conclusively the pathologic basis for it. The majority of patients, 
as obsen'ed clinically, have proteinuria and less frequentlj’- a 
variable number and variety of casts in the sediment. The pro- 
teinuria may be due to the excretion of Bence-Jones protein or 
Berum-albumin or both. Impaired renal function vdth retention 
of non-protein-nitrogen may occur and not infrequently progresses 
to a terminal uremia. The infrequency of hypertension and its 
concomitant manifestations in these cases is an important and 
distinctive feature. Gross hematuria and edema ordinarily do not 
form a part of the picture. Thus the findings differ significant^' 
from those of a true glomerulonephritis and nephrosis. Bell has 
demonstrated that the pathologic changes in the kidney consist 
of tubular atrophy due to obstruction of the tubules by casts of 
Bence-Jones protein. The injurj' to the kidney is mechanical and 
not the result of a direct toxic action exerted Bence-Jones pro- 
tein, as some vTiters 'have believed.^ Pathologically it represents 
a variety of tubular contracted kidney but as Fishberg® points out, 
“it is more closely allied to the hydronephrotic contracted kidney 
than to the hypothetical end stages of chronic nephrosis.” 

Summary. 1. A case diagnosed clinically as multiple myeloma 
with hyperproteinemia is reported and the cases in the literature 

renewed. . . 

2. Hyperproteinemia is decidedly uncommon and occurs, m its 

most striking form, in multiple myeloma. 

3. In the majority of instances it has been attributable to hyper- 
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globiiiinemia Muthout demonstrable relationsliip to Bence-Jones 
protein. In 3 cases it was due to extraordinary amounts of Bence- 
Jones protein in the serum. In the present case, both globulin and 
fibrinogen were increased in the blood plasma. ^ . 

4. HjT^erproteinemia may produce unusual and variable clinical 
phenomena, notably; difficulty in counting erythropytes; auto- 
hemagglutination; markedly accelerated sedimentation velocity 
of the erythrocjdes; abnormal coagulability of the blood and spon- 
taneous precipitation of protein in drawn blood. In the presence 
of Bence-Jones proteinemia precipitation in the serum may occur 
during inactivation for the Wassermann reaction. ^ 

5. The finding of hyperproteinemia or any of its manifestations 
should suggest multiple myeloma as a diagnostic possibility. _ 

6. The clinical aspects of the blood and kidney changes in the 
present case are emphasized and their diagnostic importance 
indicated. These include (o) a severe, progressive, macrocytic 
anemia with evidences of profound bone-marrow disturbance and 
active regeneration, unassociated with aclilorhydria and refractory 
to liver and iron therapy; and (b) an atypical nepliropathy in which 
impairment of renal function without hypertension is a distinctive 
feature. 
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PARADOXICAL PLEURAL PRESSURES. 

Their Relation to the Kienboeck Phenomenon. 

By Barnet P. .Stivelman, M.D., 

VISraXG PHTSICIAX, HABLESI, RIVERSIDE AXD JEWISH MEMORIAE HO.SPITALS; COX- 
SrLTIXG PHYSICLAK, BROOKLYX WOMEX'S HOSPITAL, NEW YORK CITY. 


The wider application of induced pneumothorax in the treatment 
of pulmonary tubercuIosi.s in the past two decades has naturally 
led to a more specific knowledge of the difficulties that may be 
encountered and complications that may arise in the course of tliis 
method of therapy. A vast and instructive literature on the .subject 
now awaits the interested or perplexed. Nevertheless, with the 
exception of Saugman and Hansen ’s‘ and Schiir.s- reports, very 
little has been said about the extraordinary condition occasionally 
observed in artificial pneumothorax and correctly termed “Para- 
doxical Pleural Pressures.” 

Paradoxical Prcssarcs in Pneumopcriioncum. Although Zink^ 
claims to have found normal pleural pressure values with the pneu- 
mothorax needle in the abdominal cavity, his observations have 
not been confirmed by reliable workers either in this country or 
abroad. It is now well known that only paradoxical pressures, 
i. e.. higher pressure A'alues on inspiration and lower pressure values 
on expiration, are obtained if the pneumothorax needle enters the 
abdominal instead of the pleural caHty in the course of an inflation. 

Orientation in such cases is usually not difficult, because, up to 
a certain point, the parado.xical pressures remain unaltered in spite 
of the inflation of a large amount of air. This is due to the fact 
that the inflated air readily escapes into the general peritoneal 
cavity. 3Ioreover, the patient may complain of pain in the epi- 
ga.strium during or immediately after inflation, and classic Roentgen 
findings of pneumoperitoneum are easily elicited when earefully 
looked for. 
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Ho^vever, in this communication, I shall discuss only those para- 
doxical pressure values which are obtained with the pneumothorax 
needle indubitably located Avithin the pleural space which does not, 
directly or indirectly, communicate with the abdominal cavity. 

Genesis of Negative Intrapleural Pressure.- It may not be amiss 
at this time to refer, even though briefly, to the genesis of the normal 
negative intrapleural pressure and the role played by changes in 
these pressures in pneumothorax in general, and on the homolateral 
diaphragm in particular. 

The negative intrapleural pressure is developed slowly, and is 
due directly to the fact that the size of the thorax after birth in- 
creases more rapidly, and to a greater extent, than the lungs AAdiich 
it holds.^ To fill this enlarging cavity, the elastic lungs expand as 
far as the bony thorax will permit. Intrathoracic pressure is the 
pressure exerted on the mediastinal organs, and is equal to atmos- 
pheric, less the opposing tension of the elastic recoil force of the 
expanded lungs. This pressure is obviously more negative during 
the inspiratory phase, when the lung is stretched to the maximum 
capacity of the thorax, and less negath’e during expiration, Avhen 
the lung has become smaller, and so partially satisfied its own 
elastic recoil. 

When pneumothorax is induced and the pleura and diaphragm 
are free from extensive adhesions, the lung retracts, and its mvn 
elastic recoil is satisfied’ in direct proportion to the amount of air 
inflated, with the result that -the intrapleural pressure becomes less 
and less- negative. In such cases, the movement of balance, i. e., 
the pendular movement of the mediastinal contents and under 
certain circumstances, the paradoxical movement of the diaphragm 
may be clearly elicited.^ 

Paradoxical Diaphragmatic Excursions in Negative Pressure 
Pneumothorax. It is still a moot question as to whether or not 
paralysis of the diaphragm is an absolute pre-requisite for its para- 
doxical response. I have often seen a raised or motionless diaphragm 
in cases Avith complete pneumothorax. Furthermore, an actual 
ascent of the diaphragm on inspiration is not infrequently observed 
in cases AA’here the lung fails to expand appreciably, in the presence 
of highly negative pressures. This paradoxical response has also 
been noted by Bittrof. 

_ In none of these cases was there any justification for the assump- 
tion that the hemidiaphragm iuAmlved had been paralyzed. 'Well- 
man^'’ proA’^ed cqnclusiA''ely that the diaphragm in pneumothorax 
sufters no paresis. On opening the abdominal caAuty of rabbits 
AAUth induced pneumothorax, he saAv waA''es of contraction in the 
homolateral diaphragm eA^en if its descent on inspiration Avas hardly 
discernible. MqreoA^er, he elicited a current of action from the 
affected leaf during the inspirator^' efforts. 

It therefore seems reasonable to assume that the efforts of an 
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enfeebled diaphragm to descend on inspiration in such cases is 
more than counterbalanced .by the rapidly falling intrapleural 
pressure, with the result that it is aspirated into the involved hemi- 
thorax. 

Paradoxical Diaphragmatic Response in Positive Pressure Pneu- 
mothorax. That the paradoxical response of the diaphragm in 
pneumothorax cases which were not phrenicectomized may have 
a different pathogenicity, has been recently pointed out by Udaone 
and Vadone. They showed that the basis of the phenomenon is the 
descent of the diaphragm on expiration in cases with positive pres- 
sure during the expiratory phase. At this instant, the diaphi-agm, 
on finding itself relaxed, is repelled downward by the positive 
pressure in the pleural cavity. When it contracts again in the next 
inspiratory phase, it only rises to the height it attained before the 
impact of the positive pressure. The ascent during inspiration is 
therefore apparent rather than real. 

Paradoxical Diaphragmatic Response After Phrcniccctomy. It is 
of course different in the case of a paradoxical response in pneumo- 
thorax when the homolateral plirenic nerve is severed. Here the 
inert diaphragm follows the labile mediastinum, and responds in the 
same fashion as its pendular movement. On inspiration, the lung 
does not expand rapidly and sufficiently enough to fill the enlarging 
thoracic cage, with its increasing negative pressure, with the result 
that the mediastinum (if not fixed) and the diaphragm are sucked 
into the hemithorax. On expiration, these organs revert to the 
position they held at rest. The movements just described are not 
materially influenced by the presence of a moderate pleural effusion. 

The Pathogenesis of the Kienboeck Phenomenon. When ICien- 
boeck® in 1898 first described the phenomenon now bearing his 
name, little was known of the pneumodynamics involved. He 
assumed, and Stembo,® Holzknecht,^® Arensperger,” von Muralt,'® 
and Dela Camp,*® agreed with him, that the paradoxical movement 
of the fluid in hydropneumothorax was due to the inversion of the 
diaphragm into the abdominal cavity because of the weight of the 
fluid it supported. When, during inspiration the diaphragm con- 
tracted, it only became flatter, and so raised the fluid level in the 
thorax. Later, Kienboeck assumed that the diaplzragm was para- 
lyzed, and being inert, it was pushed up by the abdominal pressure 
which increased because of the inspiratory descent of the normal 
contralateral hemidiaphragm. 

In view of the knowledge now available, neither of these expkna- 
tions help in the understanding of the modus operandi of the Kien- 
boeck phenomenon. It has already been shovm that the dmpliragm 
is not paralyzed in ordinary pneumothorax. Moreover, inversion 
of the diaphragm is of very rare occurrence. I have observed but 
1 case in over 600 treated with pneumothorax, and this was a patient 
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who had a recent plirenic avulsion in the presence of a positive 

pressure pneumothorax. . . i i • 

As to the r61e of the abdominal pressure in unilateral elevation 
of the diaphragm in pneumothorax or hydropneuniothorax, it has 
been shown by Wellman that no change in the height of the par- 
alyzed or normal diaphragm takes place on the side of the pneumo- 
thorax when the abdominal cavity is opened. _ Moreover, it can be 
observed radioscopically that pressure applied to the abdomen 
fails to push the affected leaf of the diaphragm higher up into the 
chest. 

The Kienboeck phenomenon cannot therefore be ei^lained on 
the basis of the original assumption, but its mechanism^ can be 
easily understood if we consider it under the two categories; ivitli 
and without paralysis of the diaplrragm . (1 ) When the diaphragm is 
paralyzed it follows the labile mediastinum by being sucked into 
the chest cavity during the inspiratory phase when the pleural 
pressure is negative. When fluid is present, the level naturally 
rises on inspiration and falls on expiration. Moreover, the inspira- 
tory shift of the mediastinum toward the pneumothorax side dimin- 
ishes the size of the pleural space and thus helps to raise the level • 
of the fluid it contains. (2) With the diaphragm intact, the phe- 
nomenon can be observed if the expiratory pressure is positive or 
the inspiratory pressure highly negative. As already shown, the 
basic phenomenon of the former is the descent of the diaplrragm due 
to the impact of the positive pressure, at the moment of its expiratory 
relaxation. The inspiratory ascent is only apparent. When the 
positive pressure is removed, a loss of the phenomenon ensues. 
On the other hand, in the presence of a high negative pleural pres- 
sure, and only a small effusion, the diaphragm may actually be 
aspirated into the chest on inspiration, as has already been shown 
above. 

Paradoxical Intrapleural Pressures. The mechanism involved 
in the production of the Kienboeck phenomenon is stressed because 
of its importance in the understanding of paradoxical intrapleural 
pressures. It must be understood that paradoxical diaphragmatic 
response and paradoxical pleural pressures are not synonymous. 
As a matter of fact, they do not occur simultaneously, as suggested 
by Durien,i= Hamman,ifi Muralt and others, and they have an 
entirely divergent pathogenicity. Whether the paradoxical move- 
ment is due to a paralyzed diaphragm or not, and whether the 
intrapleural pressure is positive or negative, contrary to the opinion 
of Parfitt and Crombie,^’' Samson,^® and others, the pressure rela- 
tion m the pleural space remains unaltered; i. e., if it is negative on 
inspiration, it is less negative on expiration, and w^hen positive on 
inspiration, it is more positive on expiration. 

Table 1 shows a study of 11 cases in which phrenic avulsion wms 
performed to augment the effect of a preexisting pneumothorax. 
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It will be noted that the negativity of the inspiratory pressure before 
inflation is not unlike that found in the average pneumothorax 
case, and the expiratory pressures are invariably less negative. 
The final pressures at the completion of the refills in such cases, 
whether positive or negative, retain the normal relations to each 
other; i. e., the expiratory pressures are eitheiTess negative or more 
positive than those observed on inspiration. In no case was a 
paradoxical pressure value observed because of the paralysis of the 
diaphragm. 

Table 1. —Showing Normal Relation of Intrathoracic Pressure Values 
After Phrenicbctomy in 11 Cases with Induced Pneuaiothohax. 
Pressures Are in Cubic Centimeters op Water. 


Niinie. 

* Sex. 

1 

! Age, 

j Pnx. 

‘ imiuced. 

1 

Pressure 

before 

inflation. 

1 Pressure 
after * 
inflation. 

! 

1 

j 

Ilisp. 

Exp. 

1 Inap. 

j Exp. 

S. T. 

. F. 

' 29 

1 

7-14-29 ! 

1 R. 

1- 3-30 

_2 

+3 

-1 

-f7 

A. L. . 

F. 

i 10 

7-24-29 i 

1 R. 

3- 3-30 

-0 

~4 

+7 

+9 

A. N. . , , 

F. 


10-2 1-30 1 

I R. 

1- 7-31 

-8 

-4 

+4 

+6 

y. s. . . , 

F. 

I 2S 

7- 0-30 1 

R. 

0-11-31 

-5 

-3 

+5 

+8 

M. F. 

F. 

i 

4- 3-31 1 

R. 1 

8- 3-31 

! -5 

-3 

-3 

-1 

E. T, . 

F. 

28 1 

2- 5-31 ! 

L. 1 

4- 3-32 

-4 

_2 

+8 

+10 

R. M. 

F. 

‘ 32 

5- 4-32 ! 

R. i 

4-13-33 

-4 

-1 

+7 

+12 

L. K. . 

F. 

21 

7-20-33 ! 

L. i 

10-10-33 

— 7 

-3 

-3 

-1 

J. S. . . . 

M. 

34 

10-20-31 1 

R. j 

0-12-34 

-5 

-3 

-3 

-0 

F. M. . . 

. ' F. 

32 

0-21-33 1 

R. 

10-12-34 

-5 

-3 

+3 

+5 

J. G. . . . 

, ! 

37 

3- 0-34 i 

, 1 

R. 

0-21-34 

-5 

-3 


+2 


Table 2.— Paradoxical Intrapleural Pressures in 4 Cases Treated with 

Pneumothorax, 



Patient. 

i Age 

__ 1 

1 

Sex. 

Side. 

i 

1 Pnx. 

I inrbircd. 

; 

Prcs.suro before 
inflation. 

Prc.ssure after 
inflation. 


Insp. 

j Exp. 

1 Insp. 

Exp. 

J. S. . 


. 1 25 

I 

M. ; 

L. 1 

1 

12-20-27 

! _G 

1 1 

i _2 

+10 

+12 

M. V. . 


30 

F. 1 

R. I 

9- 4-25 

-8 

' -4 

+24 

+20 

P. F. . 


29 

F. : 

L. 1 

5- 4-31 

-8 

-4 

+ 18 

+ 12 

A. B. . 


26 

M. 

R. 1 

S- 13-20 

-12 

1 -0 i 

1 1 

+20 

+10 



1 i 









1 

— 


However, in a study of over 600 pneumothorax patients, 4 were 
found who exhibited unequivocal paradoxical pressure values. _ In 
none, as lias already been stated, was there the slightest possibility 
of the needle ha^Ing entered the abdominal cavity. In none was 
there a high position of the diaphragm on the side treated. The 
paradoxical readings have thus far been obtained in 1 case for_4 
months, in 2 cases for 2§ years, and in 1 case for over 5 years. No 
untoward symptoms were observed, and the collapse therapy was 
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continued in one until its successful termination, and 3 are still 

receiving inflation. , . , 

In none of these were 'paradoxical^ pressure readings obtained 

while the intrapleural pressure was still negative during the early 
part of the refill. They were noted only when the pressure values 
in both inspiration and expiration had become positive during 
inflation. Weinstein, working with Muralt,!^ has had similar 
experiences. 




Fig. 1.— (A) Size of pneumothorax pocket decreased because of the stretched 
pleural limiting membrane in inspiration. (B) Size of pneumothorax pocket increased 
in expiration when this membrane is relaxed. 


The patients showing paradoxical pressure values had a limited 
pneumothorax, and in all of them fluoroscopy and occasionally 
radiography disclosed extensive band-like adhesions with a pleural 
limiting membrane bound to or near the diaplmagm below and to 
the upper part of the chest above. The diaplu-agm on the treated 
side was usually bound down by adhesions. The most important 
feature in these cases was the pleural limiting membrane, which 
had a convexity toward the mediastinal aspect of the hemithorax. 
This was best observed fmoroscopically. 

It appears that on inspiration after the limited pleural space has 
been distended by the inflated air under positive pressure, the rising 
ribs and the descending diaphragm, when its function is not com- 
pletely destroyed by adhesions, pull on the more or less convex 
limiting membrane and straighten it out sufficiently to decrease 
the size of the pneumothorax pocket. The tension of the air en- 
closed must necessarily rise at that moment. The converse is 
true during expiration, when the ribs descend and the diaphragm 
rises to its former position. This permits the limiting membrane 
to relax and assume its original mediastinal convexity. The size 
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of the pneumothorax pocket is thus increased and a fall in the pres- 
sure of the air it contains inevitably follows. 

Summary. 1. The negative value of the intrapleural pressure is 
due to the fact that the thorax after birth increases more rapidly 
and to a greater extent than the lungs it holds. It is equal to atmos- 
pheric pressure minus the elastie recoil power of the lungs. This 
pressure is more negative on inspiration, when the lungs are 
stretched to the maximum capacity of the expanded thorax and 
less negative in expiration, when the lungs have become smaller 
and so partially satisfied their elastic recoil. 

2. Paradoxical pressure, i. e., less negative values on inspiration 
as compared with expiration, may be obtained if the needle, instead 
of entering the ' horax, finds its way into the abdominal cavity. 

3. Paradoxical intrapleural pressure and paradoxical response 
of the diapliragm do not occur simultaneously and have an entirely 
divergent pathogenicity. 

4. Persistent paradoxical pleural pressures were obtained in but 
4 cases among the 600 treated with induced pneumothorax. They 
were observed only in limited positive pressure pneumothorax. 

5. The most important feature in these cases was the pleural 
limiting membrane which had a convexity toward the mediastinum. 
On inspiration, the ascending ribs and descending diaphragm 
straighten this membrane sufficiently to decrease the size of the 
pneumothorax pocket, thus increasing the tension of the air it 
contains. On expiration, the relaxed limiting membrane assumes 
its original mediastinal convexity, thereby enlarging the pneumo- 
thorax pocket. A fall in the pressure of air contained must neces- 
sarily follow. 
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FAMILIAL PURPURA. 

Report of Two Cases. 

By Frederick Randolph Bailey, M.D., 
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(From the Department of Medicine, College of Physicians and Surgeons, Columbia 
University, and the Presbyterian Hospital.) 

In addition to thrombocytopenic pnrpnra and hemophilia, another 
group of “bleeders” has been described. These patients give a 
familial historj’’ of bleeding and show an unusual group of blood 
findings characterized bj'’ prolonged bleeding time, normal clotting 
time, and normal number of platelets. The clot usually retracts 
but this may be somewhat delayed. Unlike hemophilia, the disease 
is found in both sexes and may be transmitted by either parent. 

The tendency to bleed appears early, is relatively mild, and 
becomes less severe after adolescence. The most common forms 
of hemorrhage are epistaxis, bleeding from the gums, and tendency 
to bruise easily. The literature, hoAvever, affords illustrations of 
practically every known form of bleeding. 

Kelirer^ in 1876 first called attention to this condition; he was 
followed in 1881 by Hutchinson^. No further cases were reported 
until Hayem® discussed 3 in 1900. Thirteen years later Austin and 
Pepper^ reported 1 case. Since then the literature has contained 
many references to this disease (5 to 24). 

^ In order more successfully to study these conditions some exhaus- 
tive experiments have been made as to methods and apparatus. 
We lack space for details but should mention the painstaking work 
of h'lorawitz and Jurgens,-® Jurgens,®^ Jurgens and Naumann," 
and von Willebrand.®® 



264 


BAILEY, ^iC ALPIN: FAMILIAL PURPURA 


EecentJj" u'e have observed tivo negro boys, brothers, suffering 
from this hemorrhagic tendency. The bleeding Avas of the usual 
type and both patients suffered at times from secondary anemia. 
The bleeding time A\'as usually prolonged. The platelets appeared 
to be normal and only once were they found to be Ioav. In one the 
retractability of the clot AA'as delayed; in the other it u'as normal. 
The clotting times remained alw'ays Avithin normal limits. We 
Avere not able to demonstrate positive tourniquet tests. In both 
boys the tendency to bleed is gradually diminishing. 

Case Reports. C.ase 1. — D. M. (No. 255087), a 9-5'ear-old negro boy, 
Avas first admitted to this liospital on February 21, 1923, complaining of 
bleeding gums. 

There A\'as no farnily history of hemorrhagic diathesis. His younger 
Ijrother (aa'Iiosg case is described in detail beloAA’’) had at this time shoAvn 
no signs of bleeding. One brother and 2 sisters had died in infancy of 
unknoAATi causes. 

Only illness Avas measles in early infancjL 

The parents stated that from babyhood the patient had bled from the 
gums, and folloA\dng any injury. Epistaxes frequently accompanied head 
colds, and after seA'ere hemorrhages hyperpnea had been noticealsle. During 
the year preAuous to admission, tarrj' stools had been obserA'ed. 

He had been in the hospital (Wilmington, N. C.) 9 months previous to 
enti 3 ' for A\-eakness and shortness of breath. He improved rapidly after 
transfusion. For the foUoAving 9 months bleeding from the gums had been 
constant. 

Physical Examination. A thin boy, moderately ill. Weight, 04 pounds. 
The cendcai glands Avere moderately enlarged. Marked pallor of the mucous 
membranes and nail beds. Fundi A\’ere normal. The gums Avere ecchymotic, 
AA'ith some fresh oozing. Caries of the teeth. The tonsils AA'ere moderately 
enlarged. The lungs were clear. The heart enlarged to the left, and a 
rough systolic murmur Avas heard over the precordium, maximum at the 
apex, and tramsmitted to the axilla. The blood pressure Avas 1 12/70. The 
•spleen Avas not palpable. The urine u-as normal. 

Blood; hemoglobin, 41%; red blood cells, 3,720,000; Avhite blood cells, 
6200; AA-ith normal differential count. The red blood cells shoAved central 
pallor. The blood platelets AA-ere 200,000 per c.mm. The clotting time AA^as 
9 minutes, control 2 minutes. The patient bled freely for 30 minutes, 
after AA’hich the bleeding AA’as stopped 63^ pressure. The fragility of the red 
cells AA’as normal. The blood Wassermaim reaction AA’as negative. Blood 
culture; no groAAdh. Roentgen ray and fluoroscopy of the heart revealed 
moderate enlargement. 

The patient remained in the hospital about 2 AA'eeks, improved someAA’hat, 
but the gums continued to bleed, local applications of thromboplastin 
giving only temporar}’ relief. _ _ ■ 

During the ne.xt 2 3’ears that the patient AA'as folloAA-ed in the medical 
clinic, the red cell count A'aried from 3,350,000 to 4,240,000; the hemoglobin 
from 46 to 56%; the Avhite cell count from 1850 to 7050. Platelet count 
AA'as 306,000. Bleeding from the gums, though variable in severity, Avas 
almost continuous. Thromboplastin AA’as applied to the gums AA-ith A-ariable 
success. Once tAA'o petechial hemorrhages AA-ere noticed in the conjunctiva 

of the left e3’e. . , 

On FebruarA’ 2, 1925, the patient AA'as readmitted because of seA-ere 

bleeding from the gums. . , . - tt 

The physical findings AA-ere much as on Ins preA-ious admission. He 
AA'eighed 891 pounds. Pallor AA-as marked. The teeth AA-ere dirty. There 
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were two small ecclumiotic areas on the buccal mucous membrane' which 
bled on pressure. There was moderate general glandular enlargement. 

The spleen was palpable. , tr ii- 

The urine was normal; the stool negative for occult blood. Hemogiobm, 
30%; red blood cells, 1,800,000; white blood cells, 3800 mth. normal d^er- 
ential; platelets, 40,000; clotting time, 4 minutes; bleeding time, more than 

35 minutes. , ■ r ocn 

He received 3 direct transfusions, the amount of blood varjung from 350 
to 500 cc. Fibrinogen and thromboplastin were applied to the gums. 
Except for a brief transfusion reaction the course was afebrile throughout. 
The gums continued to bleed, but on discharge the hemoglobin was 50%, 
the red cells, 3,100,000. _ _ 

After being followed for 3 months In the dispensary, the patient dis- 


appeared for 5 years. 

During the interval before his third admission, May 6, 1930, he had 
visited St. Luke's Hospital, and the Morrisania Hospital (both in New 
York), and received 6 transfusions. In the 9 months previous to entry he 
had lost 21 pounds, was weak, pale and inactive. iThe gums bled con- 
stantly, and evening rises of temperature had been common. The day before 
admission he had a mild epistaxis. 

On examination the boy appeared to be acutely ill, dyspneic and drowsy. 
Temperature was 104°, pulse 128. The mucous membranes were almost 
white. The fundi were normal, eyelids slightly edematous. The gums 
were pale, hypertrophic, and soft, with a marked tendenc}’’ to bleed. Lungs : 
scattered rales at the lung bases. The heart was markedly enlarged udth 
accentuated pulmonic second sound and a systolic murmur, as formerly 
observed. The liver was slightly enlarged, spleen just palpable. 

Hemoglobin 9% (this is very low for accuracy. The next day, after a 
transfusion of 700 cc., the same observer made it 24%); red blood cell, 
1,370,000; white blood cells, 6350, with normal differential; the red cells 
showing marked variation in size and shape. The platelets were 380,000; 
bleeding time, lOj minutes; clotting time, 6 minutes, with a retractile 
clot. No sickle cells were found in a wet preparation. The fragility of tlm 
red cells was normal. No increase in the serum bilirubin. Blood calcium 
9.7 mg. per 100 cc. The urine and stools were normal. 

After being afebrile for 3 weeks, he developed a lobar pneumonia (right 
lower lobe). The predominant organisms in the sputum were hemolytic 
staphylococcus aureus, and streptococcus wridans; no tubercle bacilli found. 
The leukocytes rose to 15,000 with 89% neutrophils. Recovery was un- 
eventful. He received 6 direct transfusions: one of 500 cc. the others of 
700 cc. each. 


While the bleeding never stopped entirelj’', some improvement was 
noticed after each transfusion. Local treatment of the gums was unsatis- 
factory. The red blood cells rose to 3,410,000; the hemoglobin to 55%. 
The bleeding time varied from 21 to 10 minutes. The platelets varied from 

190.000 to_ 380,000, except for one count of 40,000. 

The patient was discharged after 21 months. 

'The next 2| months were characterized by striking improvement. The 
weight rose to 1331 pounds. Hemogiobm, 82%; red cells, 4,300,000. 
Efforts to have some much needed dental work done were frustrated by 
his mother. Moderate bleeding continued. Liver extract and iron am- 
monium citrate were prescribed. 

His fourth admission (October, 1930) was for severe bleeding from the 

uneventful. The red cells varied from 

3.100.000 to 4,000,000; the hemoglobin from 66 to 68%, the bleeding time 
was more then SO minutes, the platelet count 300,000. The physical and 
laboratorj' findings were unchanged. 
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58% to 82%, his red blood count from 4,100,000 to 5,100,000, and his 
platelets from 169,000 to 238,000. On one occasion his bleeding time was 
8 minutes, his clotting time 1| minutes. 

He has not been seen in the clinic since May, 1933. 

In reviewing these 2 cases we feel no elation because of gratifying 
results. Although both boys grew and developed normally, when 
last seen both had hemoglobins in the neighborhood of 50%; in 
other w'ords, our therapy left much to be desired. We feel justified 
in. thinking some of the responsibility rests with the patients. As 
example of their mental attitude and lack of cooperation we mention 
one instance that is noteworthy: they could never go to the dentists 
when the moon was full, because at such time the bleeding was 
worse'. 

Comment. In adding 2 cases to the already large group, it is 
not our intention to attempt a new classification, or to propose 
a new etiology. 

A review of the literature reveals many cases wdfich fit into a 
definite pattern, characterized by an hereditary bleeding tendency, 
associated with prolonged bleeding time. The clot retraction is 
generally delayed or absent while the clotting time and platelet 
count are both within normal limits. The hemorrhagic tendency 
may be transmitted by either parent to children of either sex. 

The fact that some of the cases have shown thrombocytopenia, 
but are linked to this group by their familial characteristics, demon- 
strates the absence of distinct borderline between this disease and 
true purpura hemorrhagica. The occurrence of a similar type of 
bleeding in female members of families, the male members of -which 
have had hemophilia, suggests a possible link with that disease. 
On the other hand, sporadic cases in every way similar to the dis- 
ease we are describing have occurred in which no family history of 
bleeding could be found. 

Most of the evidence points to a functional insufficiency of the 
platelets as the etiologic agent. Definite morphologic changes in 
the platelets have been noted. 

In one group of cases recently described, the platelets ivere 
morphologically normal, but -^'ere unable properly to agglutinate 
and produce a normal clot. The final wmrd regarding the etiology 
has certainly not been -wTitten. 

In view of the generally good prognosis, therapy should aim to 
control the immediate hemorrhage, and to combat the resultant 
secondary anemia. 

For both purposes transfusion has proved a valuable weapon. 
Hemostatic substances applied locally are of doubtful value. Gen- 
such as adequate rest when bleeding is severe, removal 
of foci of infection, and liberal doses of iron and liver seem to help 
materially. Irradiation of the spleen may be of value, but splenec- 
tomy is definitely contraindicated, 
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The Kidney in Health and Disease. Edited by Hilding Behglund, 
M.D., Stockholm, Sweden. Formerly Chief of the Department of Medi- 
cine at the University of Minnesota, and Gbace Medes, Ph.D., Hesearcn 
Biochemist in the Lankenaii Hospital Research Institute, Philadelphia. 
With the Collaboration of G. Cakl Huber, M.D., Professor of Anatomy 
and Director of Anatomical Laboratories and Dean of the GradiiMe 
School of the University of Michigan, Warfield T. Longcope, M.D., 
Professor of Medicine in the Johns Hopkins University, Baltimore, and 
Alfred N. Richards, Ph.D., M.D,, Professor of Pharmacology in the 
University of Pennsjdvania, Philadelphia. Pp. 754; 163 illustrations. 
Philadelpliia : Lea & Febiger, 1935. Price, SIO.OO. 

This volume represents a collection of papers on normal and pathologic 
function, and structure of the kidney. Nearly all of these papers, most of 
them now in revised and amplified form so as to bring them up to date, 
'were originally presented by 41 clinical and laboratory investigators at a 
sjunposium which took place in Minneapolis during the summer of 1930. 

The subject matter of the book is divided into six parts; Anatomy and 
physiology of the kidney (Chapters 1 to 9) ; clinical aspects of renal functions 
(Chapters 10 to 17); Bright’s disease and various other pathologic renal 
conditions (Chapters 18 to 26) ; albuminuria and edema (Chapters 27 to 36) ; 
ocular changes in Bright’s disease (Chapters 37 and' 38) ; and clinical aspects 
of Bright’s disease (Chapters 39 to 44). 

The work contains a wealth of information and will be of much value to 
students of the kidney. Of particular excellence is the part dealing with 
kidney function. In no other book is there gathered in such accessible form 
so complete a survey of renal physiology by men largely responsible for 
the advances made; it must suffice to cite as examples the papers by Rich- 
ards, Marshall, Rehberg, Homer Smith and White. The various tests for 
renal function and the pathologic physiology of renal insufficiency form 
the contents of the second part of the book. Further examples of outstand- 
ing contributions are the papers of Longcope and his associates on the part 
played by streptococci in the establishment of nephritis, b 3 ^ Leiter on 
nephrotic edema, and several papers bj' Franz Volhard who together with 
Fahr laid the foundation of the modern concept of Bright’s disease. 

B. L. 


D.AS ExTRBMITATEN-, Thorax- UND PARTlAr.-ELEKTROKARDIOGRAMM DES 
Menschen. Eine Vergleichende Studie. Bj' Prof. Dk. Franz Maxi- 
milian Groedel, Direktor des William C. Kercklioff-Herzforschungs- 
Instituts zu Bad-Nauheim. Band 1 ; Text (358 pages; 334 illustrations) ; 
Band 2: Atlas with 200 Plates. Leipzig; Theodor Steinkopff, 1934. 
Price, Rm. 2o. 

The author, the well-known former director of the Nauheim Institute, 
but now Writing from New York, tells us that after almost 25 j'ears of study 
he lias succeeding in isolating the “Partial-electrocardiograms” of the left 
and right heart. Though still lacking postmortem confirmation of his 
clinicai studies, he regards this monograph as the first fruit of this new 
metliod. 
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These partial electrocardiograms are given as quite different from Lems’ 
dextro and levograms for reasons that cannot be detailed, much less evalu- 
ated, here. Einthoven’s triangle of forces is also rejected in theory, though 
occasionally used for practical didactic purposes. As an example of the 
lines of approach eight critical points on the heart are selected with the aid 
of special, movable “Tastelectroden." Increased distance from points 1 to 4 
(in the right ventricle) or 5 to 8 (in the left) indicate delay in excitation 
spread; an abnormally high site for points 2 or 6 indicate increased speed 
of spread and so on. The monograph aims to demonstrate that the electro- 
cardiogram records the result (summation or neutralization) of lines of 
potential developed simultaneously in the two ventricles. Its form there- 
fore, is influenced by the amount of rotation of the heart as well as by the 
direction of its anatomical axis, and cannot be taken as an expression of 
the course followed by the contraction impulse. The dextro-electrocardio- 
gram appears normally to have large R and S waves, the sinistro-electrocar- 
diogram a q wave_ (synchronous with the R of the right ventricle), a large 
R (synchronous with the right S) and a slightly delayed T. 

These are indeed weighty considerations for cardiac specialists and 
students of the cardiac mechanism. If the author is correct, and his great 
experience entitles him to the most careful consideration, much that is now 
accepted by cardiologists will have to be revised. It is hardly necessary, 
then, to recommend to serious students of the subject tlie careful study of 
this book that its text requires. E. IC 


Recent Advances in Endocrinology. By A. T. Cameron, M.A., 
D.Sc. (Edin.), F.I.C., F.R.S.C., Professor of Biochemistry, Faculty of 
Medicine, University of Manitoba; Biochemist, Winnipeg General 
Hospital. Pp. 406; 55 illustrations including 2 plates. Second edition. 
Philadelpliia: P. Blakiston’s Son & Co., Inc., 1935. Price, S5.00. 

It is not surprising that the extensive and productive studies in this 
important field have required a new edition of this book in the short space 
of 2 years. Especially has the pituitary, with its numerous interrelation- 
ships, been a fallow field, so that some 78 pages are required to cover its 
“recent advances” with due regard for a proper background. Tiie para- 
thyroids, of course, have assumed more important proportions, while the 
hypoglycemic phases of insulin action also require more space than ever 
before. The pineal, on the other hand, gets but scant notice and Rown- 
tree’s thymic precocity was apparently included at the last moment. 
Collip’s antiliormones and the complicated topic of endocrine interrela- 
tionships are conservatively handled in Chapter 9. When today’s newly 
discovered facts are crowding so much of the medical knowledge of yester- 
day either to the scrapheap discards or to the uninteresting category of 
truisms, such well-digested surveys as this should prove highly useful to 
the physician who continues to be a medical student. E. K. 


The Harvey Lectures. Series 29. Delivered under the Auspices of 
The Harvey Society of New York, 1933-1934. Under the patronage of 
the New York Academy of Medicine. By Doctors R. E. Dyer, W. M. 
Cl-ark, R. G. Harrison, E. A. Dorsv, B. A. Graham, C. L. Streeter, 
T. M. Rivers and D. W. Bronk. Pp. 262; illustrated. Baltimore: 
The Williams & Wilkins Company, 1935. Price, S4.00. 

This volume is preceded liy a short, but singularly penetrating, minute 
on the deatli of the President of the Society, Alfred Hess. The eight lectures 
here collected are of an unusually high quality even for tins senes. No one 
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could contest the modest statement m the Preface as to the distinguished 
role which they fill in Medicine in New York City. Distinctions would be 
invidious between such sterling presentations as Dyep typhus iever, 
Clark's oxidation-reduction systems, Harrisons heteroplastic grafting in 
embryology, Doisy’s estrogenic substances, Graham s_ clinical studies ot 
the biliary tract and of the pancreas, Streeter’s morbid processes in the 
fetus, Rivers’ filterable viruses and Bronk’s nervous mechamsm of cardio- 
vascular control. 


Failube of the Circulation. By Tinsley Randolph Harrison, M.D., 
Associate Professor of Medicine, Vanderbilt University School of Medi- 
cine, Nashville, Tenn. Pp. 396-, 60 figures and 22 tables. Baltimore: 
The Williams & Wilkins Company, 1935. Price, S4.50. 

The conventional title of this book covers a fresh, important approach 
to an old problem— namely, the study of such hemodynamic states as “the 
dyslunetic syndrome” by modern methods that are still apt to be rnore 
familiar to the physiologist and biochemist than to even the well-trained 
clinician. The author’s training in and use of these methods, combined 
with his predominant interest in the clinical problems, peculiarly qualifies 
him for a study which has led to new interpretations of a number of the 
clinical manifestations of heart disease. In “hj^perkinetic’’ conditions the 
author includes such conditions as the overactive or soldier’s hearts and 
those cases where “the physiologic subjective and objective phenomena 
of circulatory activity appear in exaggerated form.” In the “hypokinetic” 
group are the various shocks and collapses of acute circulatory failure with 
decreased response. “ Dyskinetic” refers to conditions of or leading to con- 
gestive heart failure, i. e., hardly more specific than “ organic heart disease.” 
The attempt is made to bring the general circulatory disturbances (not 
including angina pectoris, wliich is regarded as a local disturbance) into 
tliese three categories. Tiie author has attained a good measure of simple 
clearness ivithout dogmatism. Thus many problems, unanswerable to-day, 
are left unanswered. However, Hope’s “back-pressure” hypothesis of 
cardiac failure and oxygen lack in the heart muscle as the underlying 
functional disturbance in angina pectoris and coronary thrombosis are 
clearly supported. Thyroidectomy in the treatment of heart disease is 
presented but regarded as too recent to be evaluated— altogether a fresh, 
sane, useful book. E. K. 


M.^imonides (The Rambam). The Story of His Life and Genius. 
Octocentennial Edition. . By Dr. J . Munz. Translated from the German, 
with an Introduction, by Henry T. Schnittkind, Ph.D. Pp.- 238. 
Boston; Winchell-Thomas Company, 1935. Price, SI. 50. 

The accompaniment of the two earlier persecutions of the Jeivs by the 
incorporation of their best thoughts in the Bible and the Talmud respe- 
1 suggested to the anonymous promoters of the “ Jewi'-h Book- 

shell that the present "persecution” should be r''-" ’■ -1 ’ -.f a third 

collection including the best thoughts of the past account 

appropriately on his 800th anniversary, is the first 
01 the senes. The 100 books ranging from philosophy to fiction, that are 
to be published at the rate of 5 volumes a year, should constitute a treasure 
house of value to Jp' and Gentile alike. 

This highly eulogistic account of Moses ben Maimon is properly concerned 
chieily u-itli Ins role as a philosopher and religions commentator. We read 
1 • ® I • Jeirish community in Egypt, where his family settled 
alter being driven from Spain to North Africa and the Holy Land, and of his 

VOL. 100, NO, 2 . — Avar ST, 1035 10 
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display of practical qualities of leadership in raising their intellectual 
standards and bringing together the warring factions of Judaism. This 
leadership, it .sepms, descended in his family for more than 10 generations. 
^ court plw-sician to the Sultan Saladin, his medical side came into prom- 
inence. Though trained in the Arabian school, he seems to have been a 
worthy follower of Hippocrates, using reason based on experience as his 
guide.^ The cure should be as simple as possible; the best one can do is to 
help Nature by fortifying the patient's strength ; alcohol is bad for the young 
but food for the old (one of his 22 rules of hygiene in the Mishneh-Torah). 
Of the 8 medical treatises referred to, we would note especially his book 
on Psj'-chiatrjq called forth by hi.s treatment of the Sultan Almalik’s melan- 
cholia, and his Epitome of Medicine, a .summary of Galen and of the history 
of medicine up to his time. On rertem'ng his colorful and versatile life, 
we agree that he stands out with Richard and Saladin as a 12th century 
leader and as one of the greatest Jews of the Christian era. 

E. K. 


Some Notable Epide.mics. By H. Harold Scott, M.D., E.R.C.P. 
(Bond.), D.P.H., D.T.M. and H. (Camb.), F.R.S.E., A-ssistant Director, 
Bureau of Hj'giene and Tropical Disea.ses. With a Preface by W, W. 
J.AMESON, M.A., M.D., F.R.C.P.. Barrister-at-Law, Professor of Public 
Health in the University of London; Dean of the London School of 
Hygiene and Tropical Medicine. Pp. 272. Baltimore; William Wood 
& Co., 1934. Price, 84.75. 

The careful manner in which this work was planned raises it well above 
a mere account of various “classical” English epidemics which are not to 
be found in Hirsch, Hecker or Creighton. Twenty-two epidemics occurring 
since 1850 have been selected both to illustrate particular landmarks in 
public health work (such as the first use of chlorine as a water disinfectant or 
of pasteurization of milk) and to demonstrate how specialists viewed 
epidemics in pre-bacterial days. A chronological order has been largely 
followed, with occasional exceptions in order better to compare epidemics 
caused by the same mode of convejmnce (water, milk, food, contact and 
so on). It is indeed surprising how the keen insight of John Snow, for 
instance, could grasp the essentials of cholera spread in 1854, and outline 
steps to be taken which have been but little improved since his day. Eleven 
of the epidemics were of typhoid, both water and milk borne, and from 
infected oysters; 5 of scarlet fever; and 3 of Sonne’s dysentery'’, the last of 
which occurred in 1933. Tiiough of chief interest, in fact a Aurtual necessity, 
to students of public health, these “detective stories” should make inter- 
esting reading for most anyone, and profitable reading as weU for most any 
physician. _ - E. K. 

A Textbook of BiocHE.Mi.STRy. Edited by Benjaaiin Habrow, Ph.D., 
Associate Professor of Chemistry, The City College, College of the City 
of New York, and Carl P. Shermtn, M.D., Sc.D., Db.P.H., LL.D., 
Member of the Staff of St. Vincent’s Hospital, and French Hospital, 
New York. Pp. 797; 52 illustrations. Philadelphia; W. B. Saunders 
Company, 1935. Price, 86.00. 

This book, Mxitten by 30 specialists in various fields of biochemistry^ is 
an e.xcellent survey of present-day knowledge. Aside from subjects usu.aliy 
included in tex-tbooks on biocherai.stry there are chapters on the physico- 
chemical properties of the living cell, on the_ chemical processes concemecl 
in resistance and immunity, and on the chemistry of bacteria. The article.s 
throughout the book give ertdence of careful condensation of subject 
matter- the essentials are clearly and thoroughly presented; for those wiio 
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would go deeper there are extensive and well-selected lists of references. 
Some of the chapters dealing vdth broad subjects (as for example those on 
the carriage of blood gases, and on oxidations and reductions) conclude witu 
well-written summaries which should prove of particular help to the i^^n- 
specialist. The editors and contributors are to be congratulated on prodd- 
ing a book which will serve as a good text for the student and as a modern 
reference volume for the trained worker in medicine, chemistry and mology. 


The Treatment of Rheumatism in General Practice. By W. S. C. 
CoPEMAN, M.A., M.B., B.Ch. (Cantab.), M.R.C.P. (London), Hon. 
Physician, B.R.C.S., Chnic fo'r Rheumatism, Peto Place; Assistmt 
Physician, West London Hospital, Children’s Department and Hospital 
of St. John and Elizabeth, etc. With a Foreword by Sib William Hale- 
White, K.B.E., M.D., F.R.C.P., Hon. LL.D.,_ Consulting Physicip 
to Guy’s Hospital, etc. Pp. 228. Second Edition. Baltimore: Wil- 
liam Wood and Co., 1935. Price, S3.25. 

This survey of the numerous methods of treatment used in the various 
“rheumatic” diseases is remarkably informative and inclusive. To_ the 
American physician, whose skepticism about many remedies especially 
the proprietaries has progressed further than his British cousins, some 
recommendations may appear uncritical. However, the author’s wide 
experience must be held in mind and his general attitude of optimism in 
handling these difficult cases— each as an individual and not by rule of 
thumb— will be useful to many a perplexed practitioner who has the good 
fortune to have this book fall in his hands. E. K. 


Allergische Di.athese UNO Allergische Erkrankungen. By Hugo 
Kammerer, _M.p., Professor at the University of Munich; Chief Physi- 
cian of the Division of Internal Medicine of the Nymphenburger I&anken- 
haus, Munich, Germany. Pp. 359; 4 illustrations. Second edition, 
enlarged and improved. Munich: J. F. Bergmann, 1934. Price, 
Paper, Rm. 26; Bound, Rm. 29.60. 

This is undoubtedly the best, indeed the first adequate, German text 
dealing with present-day views of this rapidly developing field. In addition 
to an extensive clinical and investigative experience the author brings to his 
subject a -wide knowledge of its literature and a sound judgment in evaluat- 
ing the material. The allergist will find the work a valuable addition to his 
librai^q and German-speaMng practitioners as well as allergists should 
consider it indispensable. (Inadvertently the author cites Coca, Walzer 
and Thommen’s “Astluna and Hay Fever in Theory and Practice” as a 
British, not an American, publication.) R. K. 


D^t^hb Volksjibdizin. Wissenschaftliche Heilkunde und Kultur. 
By Paul Diepgen, 0. Prof. Dr. Med. et Phil., Berlin. Pp. 136; 7 illus- 
trations. Stuttgart: Ferdinand Enke, 1935. Price, Geh. Rm. 6.—: 
Leinen geb. Rm. 7.40. 

Folk medicine, which persists to a surprising and unappreciated extent 
in all civihzed countries, is regarded by the well-known author of these 
lectures as a particular appropriate study in times of need and sickness, 
vhen art, science and reason so often leave us in the lurch.” The his- 
torical relationships of the magic and religious needs of the German com- 
mon folk to scientific medicine and to culture in genetal are well brought 
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out in 9 chapters that cover semiclironologically the whole of German folk 
medicine from prehistoric to modern times. The influence of commerce 
and racial combination with surrounding countries is objectivety consid- 
ered; anti-Jewish_ measures are traced back to 692! The crusades, the 
medieval pandemics of body and mind, printing, Paracelsus and Me.smer 
are important landmarks on the progress toward a modern goal that the 
author regards as a desirable combination of the good to be found in both 
folk and scientific medicine. E. K. 


Geschichte der Physiologischen Chemie. By Dr. Fritz Lieben, 
Privatdozent an der Universitat Wien. Pp. 741. Wien: Franz 
Deuticke, 1935. Price, M. 20. 

This work, the first comprehensive history of physiologic chemistry in 
English, is a studious compilation of detailed information, ivith an entirely 
factual presentation. The obvious effort to produce an all-inclusive work— 
an effort which for physiologic chemistry is almost futile even in the space 
of 700 large pages — has resulted in a distinctly textbook appearance. This 
impression is stren^hened by the inclusion of countless organic structural 
formulas, the citation of last-minute researches and the absence of any 
portraits which might have served to relieve the reader. 

_ From the standpoint of histor 3 % the ancient phases, for a liook of this 
size,_appear slighted. No effort has been made, for example, to look critic- 
ally into the history of urea. The credit for the discovery is given to Rouelle 
the 3 '’ounger, whereas Boerhaave and probably Pott deserve the jilaudits 
in this connection. Far too sketchy also is the author’s treatment of 
“methods,” which have alwaj's played an undeniably important r61e. 
Historically, the development of proper blood sugar methods is as impor- 
tant as the discovery of insulin. 

In spite of these criticisms, perhaps unavoidable in a pioneer work, much - 
information has been gathered and stored. The work may well serve as 
a source of reference and as a starting point for future critical histories of the 
subject which unll no doulit appear. D. D. 


MEDXzrNTSCH-CHEMrscHE BESTmjifHNGssfBTHODEN. Einc Anleitung fur 
Studierende der Medizin und fiir Laboranten. By Karl Hm'SBERO, 
Vorsteher der Chemischen Abteilung des Pathologischen Instituts der 
Charite, Berlin, Privatdozent an der Universitat, Berlin. Volume 1. 
Darstellung der allgemein gebrauchlichen und der wichtigsten quanti- 
tativen Methoden. Pp. 93; 29 illustrations. Berlin; Julius Springer, 
1935. Price, Rm. 4.80. 

This small volume is apparently the first part of a work on chemical 
methods to be used in a hospital laboratory. The first half presents the 
most used and important general methods and instruments, such as bal- 
ances, centrifuge, titration, indicators, colorimeters, nepheiometers, photom- 
eters, polarization, refractometers, gas analj'sis, blood samplmg and 
nitrogen determinations. In the second special part, tiie %'arious inorganic 
(calcium, chlorids, gastric contents, urinarj'^ ammonia, alkali reserve) and 
organic methods are gii'en both in principle and in details of technique. 
The organic chapter covers hemoglobin, total and residual N, uric acid, 
bilirubin, blood sugar, cholesterin, acetone, diastase and .so on. iAIuch i.s 
sacrificed to attain a brief handin&ss; for non-Germans greater convenience 
Bill doubtle.ss be found in works in English, even though larger ami more 
complete. 
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Treatment by' Diet. By Clifford J. Barborka, B.S., M.D., 

DSc FACP Instructor in Medicine, Northwestern University 
Medical School, ’Chicago; Formerly Consulting Physician, 'Die Mayo 
Clinic. Pp. 615; illustrated. Philadelphia; J. B. Lippmcott Company, 
1934. Price, S5.00. 

A tractical presentation of the subject for the general practitioner. 
Part I deals with diet requirements in health. In Part II is described the 
technique for working out the details of a diet prescription as to quality 
and quantity, with some useful data on comparative servings of various 
foods. This part is rather well illustrated. In Part III the diet indications 
in various diseases are taken up, with a brief theoretical discussion and 
numerous diet lists. Parts IV and V include lists for routine hospital diets, 
tube feeding; a number of food, weight and other tables; recipes. 


La Vie Mbdicale aux XVI^, XVII^ et XVIIU- Siecles. By Docteuk 

Paul Delaunay, Membre de la Soci6te Francaise d’Histoire de la 

Medicine. Pp. 556; 114 illustrations. Paris: Editions Hippocrate, 1935. 

Price, 40 francs. 

This thoughtful survey of medical life in the three most important 
centuries of French history is the fourth production of the Collection 
“Hippocrate.” (Those that have already appeared are: “Acupuncture 
ct m^decine chihoise verifi&s au Japon,” by T. Nakayama ; ‘ ‘I’Atomistique,” 
by M. BoU; “Joseph LeBon,” by Y, Dliotel.) This “para-medical '’ col- 
lection aims to include a wide variety of topics— essays on medical doctrines, 
the relations of medicine to her sister sciences, medical history, psychologic 
studies and so on. 

If the present volume is a true guide, the series should prove interesting 
and valuable. Here we have presented by an accomplished medical his- 
torian chapters on each of the various aspects of medical life; preparatory, 
private, professional, corporate, religious, political, social, intellectual and 
doctrinal. Though the story is limited to France, the author offers such a 
wealth of colorful detail that the sequential flow of the narrative sometimes 
is impeded. The factual gain, howcAmr, more than recompenses, especially 
as it is reinforced by copious illustrations and a full index of names. The 
absence of a subject index is the more keenly felt. E. K. 


Clinical Laboratory Methods and Diagnosis. A Textbook on Labora- 
tory Procedures with Their Interpretation. By R. B. H. Gradavohl, 
kl.D., Director of the Gradwohl Laboratories, Gradwohl School of 
Laboratory Technique, and Laboratories, St. Louis County Hospital, 
^c. Pp. 102S; 328 text illustrations and 24 color plates. St. Louis: 
The C. V. Mosby Company, 1935. Price, SS.50. 

This is one of the most complete and practical books of its kind that we 
have had the good fortune to meet, and, as one should expect from a Director 
both of laboratories and a school of laboratory technique, unmistakably 
dear and concise directions are given for the most varied methods. In few 
f instance, would one find 15 paragraphs on the Culture 

of bterue Maggots for Use in Therapy, with accurate directions for care of 
eggs, breeding of larva; and_ fly colonies and so on. To the blood, that 
ganz besondere Saft," is rights given the major space — 262 pages — so 
customarj’’ items, such matters as platelet counting, 
bclnlling hemograms and so on can be treated in some detail. As perfec- 
tion IS as desirable as it is unattainable, attention may be called to the 
antiquated classification of chronic renal disease, the omission of Wiseman’s 
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diluted plasma method of estimating erythrocyte resistance, the obsolete 
ch’nical evaluation of direct and indirect van den Bergh tests, and the 
fallacious weak point in Wright’s platelet theorj>- (platelets should not be 
expected in the bone marrow, as the pseudopods break off in the vascular 
channels). Surprising also is the anachronistic reference (p. 933) to Prof. 
W. G. MacCallum of Columbia! Other slips could be detailed, but they 
are relatively trifling in a book that conveys such a wealth of accurate 
information, well presented and copiously illustrated. Especially pleasing 
are the 24 color plates, expensive items which have almost disappeared 
from American medical periodical literature. Fifty pages of the blood 
findings in various diseases should be especially useful to the practitioner. 
Chapters on autopsy methods, tissue technique, preparation of museum 
specimens and toxicologic technique add further to the value of this excel- 
lent production. E. K. 


The Evaluation of Symptoms. Offered After Fifty Years in Medicme. 
By Olb'er T. Osborne, M.A., M.D., F.A.C.P., Professor of Therapeu- 
tics, Emeritus, and formerly Clinical Professor of Medicine, Yale Uni- 
versity. Pp. 163, New Haven: Yale University Press for the Author, 
1935. Price, S3.50. 

Impressed by the present-day dependence on laboratory methods, the 
author aims to emphasize the importance of historj' taking and the study 
of symptoms. We do not believe, however, that this laudable purpose is 
to be advanced by the method here followed. A single page on “The 
Germs of Infection ” and the disease they cause can only be trite and incom- 
plete, while the subsequent pa^es on “Reportable Diseases and Quaran- 
tine,” and a later section on “Dieting,” are irrelevant. A long chapter on 
“Sjmptoms of Disease,” arranged alphabetically, occupies three-fourths 
of the book; but this also fails in its aim. Starting with three conditions 
(acetonuria, agranulocytosis, albuminuria), for which the reader is referred 
to other pages, the list soon reaches “blood.” Here in 12 pages, anemia, 
monoc 3 des, platelets, chlorosis, leukocjdosis, pernicious anemia, leukemia 
and so on are touched upon in a random and necessarily inadequate manner 
that does not emphasize the value of the study of symptoms and may deflect 
the reader from more statements elsewhere. We can only hope, then, that 
in another edition the author vdll recast his text so as to bring out more 
forcibly the valuable lesson for the present generation that lies in the 
proper evaluation of symptoms. E. K. 


The Treatment of Fractures. By Dr. Lorenz Bohler, Director of 
the Hospital for Accidents, Vienna; Lecturer on Surgery' in the University 
of Vienna. Pp. 57S; 1059 illustrations. Fourth English edition, trans- 
lated from the fourth enlarged and revised German edition by Ernest 
W. Hey Grotos, M.S., M.D., F.R.C.S., Consulting Surgeon, British 
General Hospital; Emeritus Professor of Surgeiy, University of Bristol, 
etc. Baltimore: William Wood & Co., 1935. Price, S12.00. 

“ In main essentials the fourth German edition, of which this is a transla- 
tion, follows the same lines as those of the third The new material in 

the English edition deals: (1) With the anatomic conditions and the 
treatment of fractures and fracture -dislocations of the cendcal spine, which 
have been ^e^dsed in the light of recent experience. (2) In the chapter on 
medial fractures of the neck of the femur, the recent developments of Sven 
Johansson’s method and the use of two sets of Roentgen ray apparatus for 
the orientation of the vdre guides have been elaborated, because it has been 
found that in this way the operation is simpler, quicker and more accurate. 
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As the results of the treatment of fractures depend not merely upon the use 
of certain appliances and methods, but even more_ largely upon the educa- 
tion of the surgeon and the organization of the clinic, an Appeimix has been 
added dealing mth this important aspect of the problem. For the sake 
of simplicity, certain other subjects have been relegated to appradices, so 
as not to break the main theme of the treatment of fractures. These dem 
with statistics, normal and abnormal movements of the knee-jom^ and 
the nature and treatment of deformities of the foot.” (From the Trans- 
lator’s Preface.) 


Emotions and Bodily Changes. A Survey of Literature on Psychoso- 
matic Interrelationships 1910-1933. By H. Flanders Dunbar, M.p., 
Ph.D., Departments of Medicine and Psychiatry, Columbia University. 
Pp. 595. New York; Columbia Univemity Press, 1935. Price, 85.00. 
This volume represents the combined labors of Dr, Dunbar and her 
collaborators under the auspices of the Josiah Macy, Jr., Foundation in the 
collection and recension of contributions published in the last quarter 
century dealing ydth the interrelations of the emotions and the body. The 
text is divided into three principal parts. Part One, “Orientation and 
Methodology” presents a critical review of the current psycholo^c con- 
cepts and of the experimental approaches in the fields of biology, internal 
medicine and medical psychology’’, to the problem of psychosomatics_. Part 
Tivo, “Organs and Organ Systems,” is devoted to the task of orienting the 
abstracted materials “relating to their meaning in the various fields of 
medicine, being, howe’vcr, a key to the available literature rather than a 
comprehensive or critical survey.” Part Three addresses itself to the 
“Therapeutic Considerations and Concluding Remarks.” A bibliographic 
list of 2251 references corresponding to the diidsions of the text occupies 
121 pages. In addition there are complete subject and name indices. The 
scope of the bibliography alone represents an achievement possible only 
through the orgpized efforts of a subsidized group; a task beyond the 
capacity of the individual, who cannot hope to keep abreast of the ever 
mounting volume of current literature related to the subject, and especially 
to have a knowledge of the literature from the foreign sources, of which in 
this book 50% are in German and 6% in other foreign languages. 

One notes the beginning transition of medical thought from the mechanistic 
tradition to tlie orga7nsmal theory’’ involving the new concept of the organism- 
enviroinneni equilibrium, the concept of the total personality in terms of 
health and disease. In the sense of Bleuler’s dictum that “a phy’^sician who 
thinks in terms of psy’chogene.sis will never become an agent in patho- 
genesis, this corpus of pew thought should v'iden the perspective and under- 
standing the pliy’sician confined in practice to the single organ or organ 
sy'stera. This volume has much to offer the phy’^sician to the end that he 
no longer contribute_ to his patient’s irremedial invalidism. The author 
wisely cautions against the overemphasis of psymliotherapy in special 
practice : in the approach to these problems the exclusive emphasis of the 
psy’chic IS as narroiv as that which holds that every’’ psychic disturbance is 
purely’ phy’sical in origin. The profession is at the threshold of a new dis- 
^hmnp in winch there is room for both the conservative and the doctrinaire. 

i ms book fulhllsp tw’ofold purpose; first, as an invaluable reference ’W’ork 
lor the spcciahsts in the fields of psy’diiatry’, neurology’’ and of psychoso- 
matic interrelationships, and second, as a treasury’ of stimulating informa- 
tion lor the practitioner to W’hom the current literature pertaining to this 
subject is inacce^ible. The book is especially’ recommended to the young 
pliypician. Dr. Dunbar and her collaborators deserve commendation for 
their prodigious and timely’ labors in contribution to one of the most vital 
and vexations of problems. P, R. 
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NEW BOOKS. 

Clinical Laboratory Methods and Diagtwsis. A Textbook on Laboratory 
Procedures with Their Interpretation. By R. B. H. Geadwohl, M.D., 
Director of the Gradwohl Laboratories, Gradwohl School of Laboratory 
Technique, and Laboratories, St. Louis County Hospital, etc. Pp. 
1028; 328 text illustrations 'and 24 color plates. St. Louis: The C. V. 
Mosby Company, 1935. Price, S8.50. (Review, p. 275.) 

A Bibliography of the Poem Syphilis Sivc Morbus Gallicus, by Giorolamo 
Fracastoro. By Leona Baumgaetner, and John F, Fulton. Pp. 157; 
9 illustrations. New Haven: Yale University Press, 1935. Price, 85.00. 

Maimomdes {The Rambarn). The Story of his Life and Genius. Octo- 
centennial Edition. By Dr. J. Monz. Translated from the Gennan, 
with an Introduction, by Henry T. Schnittkind, Ph.D. Pp. 238. 
Boston: Wincliell-Thomas Company, 1935. Price, 81.50. (Review, 
p. 271.) 

International Clinics. Vol. 2, Forty-fifth Series, 1935. Edited by Louis 
Hajiman, M.D., Visiting Physician, Johns Hopkins Hospital, Baltimore, 
with 14 Collaborators. Pp. 327; many illustrations, some in colors. 
Philadelphia'. J. B. Lippincott Company, 1935. 

The outstanding articles in this number offer survey (Prognosis in Heart Dis- 
ease, Pneumonokoniosia, Headache, Anemia, Heart Pain, Pyuria in Childhood, 
etc.) rather than present original evidence. 

Indian Journal of Pediatrics, Vol. 2, No. 7 (April, 1935). Edited by Dr. 
K. C. Chaudhuri, with 11 Collaborators. Pp. 65; illustrated. Published 
quarterly in Calcutta. Price, Annual Subscription, Rs. 6/-; Single 
Number, Re. 1/8. 

All Outline of Immunity. By _W. W. C. Topley, M.A., M.D., F.R.C.P., 
F.R.S., Professor of Bacteriology and Immunology in the University 
of London. Pp. 415; 37 illustrations, 63 tables. Baltimore: William 
Wood & Co., 1933. Price, 86.00. 

The Evaluation of Symptoms. Offered after Fifty Years in Medicine. By 
Oliver T. Osborne, M.A., M.D., F.A.C.P., Professor of Therapeutics, 
Emeritus, and formerly Clinical Professor of hledicine, Yale University. 
Pp. 163. New Haven: Yale University Press for the Author, 1935. 
Price, 83.50. (Review, p. 276.) 

La Vie Medicale aux XVN-, XVII^ el XVIII'^ Siecles. By Docteur 
Paul Delaunay, Membre de la Soci6t6 Fran9aise D’Histoire de la 
M^decine. Pp. 556; 114 illustrations. Paris: Editions Hippocrate, 
1935. Price, 40 francs. (Review, p. 275.) 

Diet Control. A System of Eleven Hundred Diets for the Prescription of 
Diabetic, Anti-obesity and Measured Diets in General. By George E. 
Anderson, M.D , Attending Physician to The Brooklyn and The Lutheran 
Hospitals; Chief of Metabolic Clinic, The Brooklyn Hospital, and Paul 
Ch.adbourne Eschweiler, M.D., Assistant Attending Physician^ to 
The Brooklyn and The Methodist Episcopal Hospitals; Senior Physician, 
Metabolic Clinic, The Methodist Episcopal Hospital, New York: Gallo 
& Ackerman, Inc., 1935. Price, 83.50. 

The Depopulation of Pacific Races. Bernice P. Bishop Museum Special 
Publication 23. By S. M. Lambert. Pp. 42; 11 illustrations and 19 
tables. Honolulu: Bishop Museum Press, 1934. Price, 81.00. 

The Woman Asks the Doctor. By Emil Novak, M.D., F.A.C.S., Honorary 
D.Sc. (Dublin); Associate in Gjmecology, JohnsHopkins Medical School; 
Former Vice-President American Gjmecological Society. Pp. 189. 
Baltimore; The Williams & Wilkins Company, 1935. Price, 81.50. 
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Some Thoughts of a Doctor. By Frederick Parkes Weber, M.A., M.D., 
F.R.C.P., F.S.A. With a Preface by Sm W. Langdon Brown, M.A., 
M.D., F.il.C.P., Regius Professor of Pl^'sic in the University of Cam- 
bridge. Pp. 183. London: H. K. Lewis & Co., Ltd., 1935. Price, 6s. 

The Problem of Mental Disorder. A Study Undertaken by the Committee 
on Psychiatric Investigations, National Research Council. Members 
of the Committee: Madison Bentle}^ Chairman, Sage Professor of 
Psychology, Cornell University; E. V. Cowdry, Professor of Cytology, 
Washington University. Pp. 388. New York: McGraw-Hill Book 
Company, Inc., 1934. Price, S4.00. ^ 

The Proceedings of the Charaha Club, Vol. VIII. Post Multa Virtus Opere 
Laxare Solet. Pp. 202; illustrated. New York; Columbia University 
Press for the Charaka Club, 1935. Price, S5.00. 

The Sfleen and Resista7ice. By David Pbrla, M.D., Associated Patho- 
logist and Bacteriologist, Montefiore Hospital, and Jessie Marmarston, 
M.D., Associate in Pathology, Cornell University Medical College. 
With a Foreword by David Marine, M.D., Pp. 170. Baltimore: The 
Williams & Wilkins Company, 1935. Price, §2.00. 

The Story of Medicine in the Middle Ages. By David Ribsman, M.D., 
Sc.D., Professor of the History of Medicine and Professor Emeritus of 
Clinical Medicine, University of Pennsylvania; Member, History of 
Science and Medieval Academy of America. Pp. 402; illustrated. New 
York; Paul B. Hoeber, Inc., 1935. Price, §5.00. 

Clinical Tubemdosis, in two volumes. Edited by Beniajiin Goldberg, 
M.D., F.A.C.P., F.A.P.H.A., Associate Professor of Medicine, Univer- 
sity of Illinois College of Medicine, etc. With the Collaboration of 33 
Contributors. Pp. 1580; illustrated with over 640 half-tone and line 
engravings and 9 full page color plates. Philadelphia: F. A. Davis 
Company, 1935. Price, §22.00. 

Krebs im Lichl Biologischer und Vergleichend Anatomischer Forschung. Dy 
Med. Dr. Josef Lartschneider, Linz A. D. Donau. 11 Band, 2 Heft: 
Adenomkrebs Kystom Scirrhus Bindegewebe Mesench 3 Tn Sarcom Odon- 
tom Kiefer kystom. Pp. 197; 57 illustrations. Wien: Franz Deutsche, 
1935. Price, M. 7. 


NEW EDITIONS. 

The Treatment of Rheumatism in General Practice. By W. S. C. Copeman, 
M.A., M.B., _B.Ch. (Cantab.),_ M.R.C.P. (London), Hon. Physician, 
B.R.C.S., Clinic for Rheumatism, Peto Place; Assistant Plij'^sician, 
n est London Hospital, Children’s Department and Hospital of St. John 
With a Foreword by Sir William Hale-White, 
K.B.E., M.D., F.R.C.P., Hon. LL.D., Consulting Physician to Guy’s 
Rospital, etc. Pp. 228. Second Edition. Baltimore: William Wood 
& Co., 1935. Price, §3.25. (Review, p. 273.) 

Manual of Dehydrated C^dture Media aiid Reagents. Pp. 198. Fifth Edi- 
lon, revised. Detroit: Difco Laboratories, Inc. (Price not given.) 
le Treatment of Fractures.^ By Dr. Lorenz Bohler, Director of the 
ospital for Accidents, Vienna; Lecturer on Surgery in the University 
,^’P- ^939 illustrations. Fourth English Edition, Trans- 

Fourth Enlarged and Rerdsed German Edition by Ernest 
• Het QjjovEs, M.S., M.D., F.R.C.S., Consulting Surgeon, British 
enerai Hospital; Emeritus Professor of Surgery, Universit 3 ’^ of Bristol, 
p ^76 ) ^935. Price, §12.00. (Review, 
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PILOIUDAL SINUS. 

Hardli' any condition in the field of minor surgery is so little under- 
stood either as to the exact nature or treatment as is that of pilonidal 
sinus. It has been the subject of many articles in the surgical litera- 
ture of the past 10 years and it is commonly seen and recognized in 
every good surgical clinic. However, it is apparent that among general 
practitioners the condifion is not commonly recognized or understood, 
since so frequently the surgeon sees the patient after the lesion has 
been repeatedly treated as a simple abscess and multiple incisions ha^’e 
been made to drain the contents. 

The lesion is also called sacrococcygeal cyst, sacrococcj'^geal fistula, 
sacrococcygeal sinus and pilonidal sinus, the latter term having been 
given it by Hodges^ because of the nest of hair so frequently found 
within the sinus. Anderson,- in 1847, reported a case of a 21-year-oId 
man who had a “scrofulous sore” over the sacral region following a blow 
over the area 6 months previously. On examination there was a very 
small sinus, too small to admit a probe. There was an abscess present 
which was opened and later fine, soft liair was removed from the wound. 
J. Mason Warren® reported 3 cases before the Boston Society for Med- 
ical Improvement in 1854. His description is so clear that it merits 
recording in this review; "Abscess, containing Hair, on the Nates— 
Dr. J. iMason Warren had met with three cases of abscess of the nates 
connected with a fistulous opening over the coccyx, containing hair. 
The last case is a type of tire two others. The patient, a young man, 
20 years old, had for some time suffered from an irritation on one of 
the nates. Finally, an abscess formed and broke, followed shortly by 
one on the opposite side, both being the sources of great discomfort, 
tlie first ha\dng become fistulous. On separating the nates. Dr. W. 
at once discovered, about an inch below, in the median line and over 
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the coccyx, a small aperture, about large enough to admit a probe, 
looking like a pit in the skin, and lined with epidermis. A probe, being 
introduced, penetrated to the deptli of an inch and a half. 

“From his experience in the two former cases, Dr. W. was at once 
able to say that it led to a cavity containing hair, which was probably 
the origin of tlie abscess in the neighbourhood. An incision being made 
into this canal, it was found to terminate in a suppurating cpdty, in 
which, lying quite loose, was a small bundle of hair. Radiating from 
this cavity were two canals leading to the abscesses in the nates men- 
tioned above. 

“ It would seem probable that originally the hair was contained in a 
cyst, which, from the irritation caused by sitting, had suppurated, and 
the pus had burrowed in different directions.” 

In 1880 when Hodges wrote his classical description and suggested 
the most popular name for this condition there had already been a 
number of cases reported in the literature, altliougli tlie condition was 
not generally recognized even by surgeons. In 1892 Mallory^ reported 
19 cases collected from the literature. That tliese cases did not repre- 
sent tlie total number reported up to the time of publication is evident 
from the omission of tlie cases of Beall,® Mason,® Wendelstadt,^ and 
others, nor did Mallory regard his report as complete, as he stated 
tliat he “appended a limited number of cases” to illustrate the main 
points of his paper. We are led to assume that by 1892' the condition was 
moderately well recognized by surgeons generally. The consensus of 
opinion in regard to treatment was tliat the cyst should be laid open, 
the contents removed, and the cyst wall curetted or excised. 

The early discussions of the etiology of pilonidal sinus, like tliose 
current today, accepted tlie congenital nature of the lesion. Hodges^ 
felt tliat the condition was caused by loose hair lodging in the post- 
anal dimple but offered no explanation of this defect except that it 
was congenital. Warren explained the condition on the basis that a 
hair follicle in the sacrococcygeal region became reversed, tlie hair 
growing inwards and continuing to grow drew the hole in after it by 
invagination. Aside from these novel explanations the chief theories 
as to the formation of pilonidal sinus are (1) a failure of the two halves 
of the body to unite; (2) failure of the medullarj'^ canal to become oblit- 
erated over the sacrum; (3) invagination of ectodermal structures over 
the sacrum. 

The statement that pilonidal sinuses are caused by the failure of the 
two halves of the body properly to unite is a general one and gives no 
detailed concept of the actual processes which are responsible. Since it 
is always found at or near the midline, this conclusion can be rather 
generally accepted if ive agree that the condition arises on a develop- 
mental basis. This latter is quite universally accepted as true. Attempts 
to e.xplain the nature of the aberration of development have been 
frequent. Mallory^ made microscopic sections in the sacral region of 
^ fetuses ranging in age from 3i to 6 months and found a canal lined 
vith epithelium in 6 which he interpreted as remnants of the neural 
canal. He felt that in these remnants of the neural canal lay the 
source of pilonidal sinuses. He ivas not alone in this belief at that time, 
^ he quotes Hermann and Tourneux® as holding the same view. 
Kecently Weeder® has adopted tliis theorJ^ Lannelongue’® ex^plains 
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the origin of the condition as due to the fact tliat the mesoblast is lacking 
particularly over the sacrum, the skin coming to lie close to the sacrum, 
and at places being bound to the bone. When subcutaneous tissue 
forms, these places where the skin is bound tightly to the sacrum 
forms dimpling, and if tlie depression is narrow enough may cause a 
sinus. A similar view was indicated by Stone” in his first paper on the 
subject. Later he indicated'* that the condition was the result of a 
vestigial structure analogous to the preen gland in birds. A plausible 
explanation of the condition is tliat given by Oehlecker,'* who pointed 
out that the caudal ligament attaches to a thin, hairless area of skin 
' over the lowermost end of the spinal column. Due to discrepancies in 
rate of growth between sldn and spinal column, shortening of the 
caudal ligament, and the growth of connective tissue between the 
skin and coccjoc, the skin is dravm inwards and upwards, forming a 
dimple or even a sinus, depending on the amount of invagination present. 
Since tire caudal ligament attaches to the so-called bald spot, the hair 
found in the sinus is tlie result of hair follicles in the region of the caudal 
bald spot which likewise has been invaginated. The formation of cysts 
is explained as being due to the usual metabolic products of the skin, 
which tend to block the opening, causing the inflammatory changes so 
frequently seen. Fox'^ called attention to one discrepancy in Oehl- 
ecker’s theory in that if tlie so-called bald spot comes to lie over the 
sacrum instead of over the coccyx, the caudal ligament should cause 
the sinus to point downivard from the skin over the sacrum toward the 
coccyx, instead of upward, as is the usual case. Fox, following a study 
of embryos, concluded that a pilonidal sinus originated following the 
invagination of ectoderm which is usually present in the fetus, and 
occasionally persists into adult life. 

A clear, incontro^•ertible concept of the formation of pilonidal sinus 
is not as yet at hand. It is difficult to state definitely whether the 
condition is due to faulty development of the lower end of the medullary 
canal or to ini'agination of skin. The latter seems most plausible to us 
despite the rare reports of infection of the spinal sac from pilonidal 
sinus (Ripley and Tliompson'® and Moise'®), and the occurrence of 
cysts and sinuses of similar nature occurring anterior to the sacrum 
(Masson'* and Lahey and Eckerson'®). 

The frequent occurrence of postsacral dimple of the skin is an occur- 
rence too common to be dismissed lightly and it is difficult to correlate 
these dimples of small or large size rvith medullary remnants. Markoe 
and Schley'® report 89 dimples (29.1%) and 11 fistulre (3.7%) in 300 
consecutive births, while otlier figures given have ranged from 4% in 
adults to 39% in children. During physical examination made by one 
of us (C. G. J.) of 1040 men at a Citizens’ Military Training Camp, 

37 (3.6%) were found to have marked postsacral dimples or pilonidal 
sinuses. The majority of these individuals was under 21 years of age, 
and none was younger than 15. 

Gross and histologic examination of sinuses removed at operation, 
even though infection has been present, likewise suggest tliat the sinus 
is of ectodermal origin. Descriptions of the examination of_ tissue 
removed has been reported by Newell*® and by Fox." The sinus is 
usually a branching or arborescent cavity, and apparently because of 
previous inflammation the lining consists largely of granulation tissue. 
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Hair maj"^ or maj’^ not be found in the cavity, usually lying free, rjirely 
it is attached to the wall at the site of a hair follicle. True skin is 
commonly found lining some portion of the eanal, fully developed sweat 
glands and hair follicles being present. 

' The history that one obtains from patients who are found to have 
a pilonidal sinus is usually clear enough to make tlie diagnosis, and 
this in addition to the physical examination should make the diagnosis 
easy. The patient is, usually of early adult age, and complains of a 
discharge from the end of tlie spine. Usually the patient definitely 
states that the discharge is not from, but above the rectiun and is suffi- 
cient to stain the clothing only occasionally. Many patients give the 
histoiy that after dischai-ging for some time tlie discharge stopped and 
a sore swelling developed over the sacrum. FolloAving incision or 
spontaneous discharge of pus the Avound healed sloAvly, only at a later 
date to have the sAV'elling "and tenderness recur. This cycle is often 
repeated many times until tlie diagnosis of pilonidal sinus is made bj^ 
someone familiar Avitli the condition. On physical examination a small 
dimple may be noted just aboA'^e the tip of the coccyx. This dimple 
may be small enough to be represented by a small pin-point area, or 
it may be 0.5 cm. in diameter. If tlie opening is large enough to admit 
a probe, the instrument Avill usually pass upAvards and toAvards the 
sacrum. A small drop of Avhite or purulent fluid may be found at the 
opening. This material is usually increased in amount if gentle pressure 
is made over tlie sacrum. 

In those patients Aidio haA'e sufiered the mass to be incised, or aa'Iio 
have had abscess formation AAutli spontaneous rupture, one or more 
tliick, AA'ide scars may be seen ox-er the sacrum, usually at a distance 
from the opening or dimple over the coccyx. These scars may be seen 
high over tlie sacrum or even on the buttocks, but usually they are 
found to lie oA^er the middle of the sacrum. The majority of the sinuses 
contain hair, and if tliey liaxm undergone abscess formation and are 
found open, hair may be found in the Avound. In some cases there is 
no exidence of hair present and there is no history of any having been 
found at any prex'ious time. 

Of tlie first cases reported by Warren, 2 xvere females and 1 male. 
HoAvex'er, Axdien one looks ox'er tlie case reports in modern literature 
the proportion of females to males is loxv. In a series of cases operated 
upon on our serAuce at the Hospital of the University of Pennsylvania 
there were 44 males and only 9 females. Tlie proportion of females 
to males in the cases reported by Cattell and Stoller,-* Glenn,^- Stone, 
Rogers,-^ Ferguson,-' Oxveii,-^ Giffin and Arcliibald-° and jMasson'^ were 
about 1 to 4 (505 cases; 407 males and 98 females). In all these series 
there xvas a marked preponderance of males. NexA'ell-'’ has reported 
1 1 cases all in females. It is possible that this preponderance of females 
may be accounted for by the source of NexveH’s clinical material. A 
distorted picture of tlie sex distribution of pilonidal sinus might be 
obtained should tlie cases be reported from a gjmecologic clinic. 

NeAvell’s-® cases ranged from 20 to 37 j'ears of age. IMost of the 
cases reported in the literature xx'ere found to be in early adult life. 
Our oldest case xx^as 58 years old, the youngest I J j^ears. It is to be 
remembered tliat age distribution of pilonidal sinus xx^hich comes to 
operation and tliose present but XA’liich are dormant are x-ery likely 
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quite different. The surgeon seldom sees these cases unless infection 
has ensued, and usually does not see them until after the patient has 
had several incisions made by the general practitioner. In this regard 
Stone^^ and Ottenheimer-^ suggest tlie excision of symptomless and unin- 
flamed pilonidal sinuses as a prophylactic measure. The difficulty in 
accepting tliis as a principle is tliat it is not only hard to determine 
which cases will have later trouble, but the identification of tlie condi- 
tion is not easy until the sinus becomes dilated with its contents. A 
postsacral dimple in a child is hardly an indication that there is a 
sinus present. Nevertheless, should a sinus be found and well outlined 
there is little question but tliat it could be removed more safely and 
surely before inflammation has occurred tlian after. 

The treatment of pilonidal sinus has varied from simple incision and 
curettage, as in tlie days of Warren, to radical excision as practised 
at the present time. For a time block excision of the sinus tract was 
the common metliod of treatment, in most cases the large defect result- 
ing being packed open and allowed to granulate. This method requires 
prolonged dressing care and the end results are not always of the best. ' 
Lahey^® called attention to the fact that the thick scar resulted in pain 
on sitting which caused considerable annoyance. Wide dissection of 
tlie sinus does not always give a good result, as even by this method of 
treatment recurrences occur. Lahey thought to replace the tissue 
removed from over tlie sacrum with a pad of fat drawn from over one 
buttock. The large defect would tlien lie over soft tissue and obviate 
the hard scar over tlie sacrum. This method of closure, while decreasing 
tlie scar over the sacrum, does not obviate the large defect which requires 
a long period of dressing. 

The ideal metliod of treating pilonidal sinuses is that of complete 
excision of the tract after tlie injection of a suitable substance in the 
sinus to outline the tract, witli primary closure. In order that an 
excision be successful the entire sinus tract must be removed. Small 
portions of the sinus left behind tend to cause a recurrence, and unless 
the sinus is well outlined it is quite easy to leave tlie remnants behind. 
In our own e.xperience methylene blue to which hydrogen peroxdd has 
been added as suggested by Stone“ serves this purpose well. Melted 
paraffin may be used as suggested by Newell-® for injection. The 
paraffin hardening tends to keep the sinus dilated during dissection, 
facilitating complete removal. If tliis metliod is used the injection 
must be made under enough pressure to insure complete filling, and 
tlie paraffin must not be allowed to cool bef ore the small branches are 
reached. 

We prefer, when possible, to dissect the sac out completely, with the 
sinus always under view and for this reason prefer not to resort to 
block excision. This method requires a little more time tlian block 
excision but tliere is no needless sacrifice of postsacral tissue. 

When we are sure that the sinus is entirely removed, the wound is 
closed tightly. Silkworm gut stay sutures are placed in the depths of 
the wound on either side and brought out through the skin on the 
opposite side where they are tied over a gauze roll or lead wire to 
provide snug approximation and obliterate dead space. This method 
of closure is somewhat similar to tliat described by Colp,=® e.xcept we 
have only occasionally had to resort to undermining of tlie skin flap 
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to obliterate dead space. The skin edges are approximated when neces- 
sary by silk or dermal sutures. In the depths of tire wound only a 
minimum of catgut is used to control hemorrhage. In the majority of 
cases pressure applied over the bleeding points for a short time is suffi- 
cient to control all bleeding. We have had no difficulty with post- 
operative hemorrhage in the closed cases. 

Following operation a snug dressing is applied and not disturbed 
for 5 days unless the patient’s general reaction suggests trouble with 
the wound. The patient is kept in bed from 5 to 7 days. 

For anesthesia we prefer spinal or local when possible. We do not feel 
tliat there is a tendency to spread infection by the use of local anestliesia 
since we attempt to infiltrate about and not through the operative 
site. We do not attempt operation on acutely inflamed sinuses but 
prefer to allow any redness or local heat to disappear before attempting 
removal. 

Occasionally the sinus is too large to permit of primary closure 
throughout. Our policy is to treat these by partial closure with drain- 
age. If none of the tissues about the area can be easily approximated 
the wound is packed open and the wound is allowed to granulate 
from the bottom. Rarely is it possible to suture these wounds sec- 
ondarily. 

Fergusoffi* advises the, excision of pilonidal sinuses with primary 
closure. His results are excellent. We do not, however, feel that these 
patients should be permitted to get up after operation, as suggested 
by Ferguson. The wound should be allowed to heal before tlie patient 
is permitted ambulatory exercise. Not all wounds closed primarily will 
remain closed. The patient should be watched for infection in the 
wound, and when it is present the wound should be opened and 
packed. The treatment in this event is similar to that of a wound 
which is packed open primarily. Under tliis regime an attempt has 
been made to shorten the patient’s convalescence and provide him 
with a wound which has the minimum of scar. If, however, the attempt 
at primary closure is not successful, the patient is no worse off than had 
the wound been packed primarily. 

The treatment of pilonidal sinus which we have discussed is that of 
simple postsacral sinuses. This type forms the vast majority of those 
found ; tliose penetrating the sacrum as described by Weeder® are rare, 
as are those in which the sinus extends under the coccyx and lies 
anterior to the sacrum. Naturally, pilonidal sinuses found in these 
unusual locations require special treatment since they are not so easily 
accessible and require more extensive dissection. 

I. S. Ravdin, M.D., AND 
C. G. Johnston, M.D. 
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RECURRENT HEMORRHAGES INTO THE RETINA AND VITREOUS. 

The most characteristic cases of the syndrome of recurrent hemor- 
rhages into the retina and \dtreous are tliose occurring in young adults, 
usually males, between the ages of IS and .30 (Eales’ disease). Quite 
similar cases are seen at times in older patients, which should probably 
be taken into consideration in a general discussion of the nature of 
the process. 

The clinical course and ophthalmoscopic appearances of cases of 
tliis type are generally well recognized, and the major interest has 
centered in the study of the etiology and management of the disease. 
Clinically, the characteristic feature is the occurrence of repeated attacks 
of blurring of 'vision due to more or less massive hemorrhages into the 
retina and usually simultaneously into tlie ^^treo^!s of one or both eyes. 
Ophthalmoscopically, at the onset of an attack it is oiten impossible 
to see the details of tlie retina because of the clouding of the Wtreoiis 
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by the hemorrhagic extravasation. In the interim between attacks, 
after the %atreous has cleared, which it usually does more or less spon- 
taneously at least in early episodes, it is possible to see that the source 
of the bleeding is a lesion of one or more of the retinal veins. This 
lesion usually is characterized by a localized perivenous infiltratipn, 
often associated with marked irregularity in caliber and localized dila- 
tations of the veins, and at times with obliteration of small venous 
branches later followed by the proliferation of new vessels into the retina 
and vitreous (retinitis proliferans). At times, foci of choroidal inflam- 
mation are seen, usually in the stage of atrophy and scarring; but it 
is doubtful if these can be considered to be the source of the hemorrhage. 
Damage to tire arterial walls is also visible at times; but again ^e 
arterial lesions are probably of secondary origin. It seems most likely 
that a disease of the walls of the retinal veins is the primary lesion in 
all cases of recurrent hemorrhages into the retina and vitreous (Leber^). 
The outcome of many of these cases is more favorable than would be 
thought possible from the ophthalmoscopic appearances in the active 
phases of the disease. Some, however, terminate'in detachment of tire 
retina as tire end result of tire proliferation of vessels and scar tissue 
in the retina and vitreous, and in some the blood clots in tire vitreous 
are never satisfactorily absorbed. 

The etiology of these cases has remained rather obscure, even up to 
the present time. Numerous rather vague causes were assigned by most 
of the earlier author's: constipation, rdcarious epistaxis, hemophilia, 
oxaluria, plrosphaturia, gout, hyperthyroidism and other endocrine dis- 
turbances. Zentmayer- particularly favors some adrenal dj^sfunction 
as the underlying factor. Since it was first suggested by NolP in 1908 
that tuberculous lesions of the retinal veins were responsible, the 
belief in the probable tuberculous etiology of recurrent hemorrhages into 
the retina and vitreous has grown rapidly in favor. In 1921, Tinnoff'* 
listed 108 reported cases. In this series, the etiology given was syph- 
ilis, 5; constipation,, 8; focal infection, 4; menstrual disturbances, 2; 
disturbances of the blood and circulation, 3; tuberculosis, 35, and cause 
undetermined, 51. Of the 5 cases reported by Finnoff himself, 3 were 
thought to be due to tuberculosis and 2 to focal infection. 

In 1929, Young® reported 3 cases of recurrent hemorrhages into the 
retina and vitreous. One patient also had pulmonary tuberculosis. 
In the other 2 a low blood calcium was found: 6.5 mg. per 100 cc. in the 
first case and 9.5 mg. per 100 cc. in tlie second case. Calcium therapy 
appal entb conti oiled the hemorrhages in the first case. Young analyzed 
the etiology of the cases reported up to tlie date of his paper. He found 
the causes listed as gastro-intestinal in 9, syphilis in 6, menstrual dis- 
turbance in 3, hypertliyroidism, hj^jertension and renal insufficiency 
m 4, focal infection in 10, tuberculosis in 76, and undetermined in 68. 

Because of the^ fact tliat the sjuidrome of recurrent hemorrhage into 
t le retina and vitreous is only rarely seen in association with clinical 
tu iciculosis in other parts of the body, the diagnosis of tuberculosis in 

icse cases must rest essentially on the patient’s sensiti^’ity to tuber- 
cu in. By some oculists the presence of a positive skin reaction to 
tu iciculm IS considered to be sufficient proof of the tuberculous nature 
o t le ocular lesion. ^lost clinicians are not willing to accept such a 
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reaction as positive proof. Finnoff believed that the occurrence of a 
focal reaction in the eye after administration of tuljerculin was neces- 
sary to establish the tuberculous etiology. It is rather dangerous in 
many of these cases to run the risk of a focal reaction in the eye, so 
that the diagnosis of tuberculous periphlebitis as the source of the 
hemorrhages is often difficult to establish, except presumptively. 

Histologic examinations are seldom obtained in cases of this type, so 
that the actual anatomic nature of the local lesions has been difficult 
to demonstrate. In 1 914, Fleischer® reported the histologic examination 
of a case of recurrent hemorrhages into the vitreous in which the eye 
was removed because of secondary glaucoma. He found a widespread 
tuberculous periphlebitis and endophlebitis of the retinal veins, char- 
acterized by a proliferation of endothelial cells and giant cells. Tubercle 
bacilli could not be found. It should be noted that the patient in this 
ease had pulmonary tuberculosis. 

In more recent years, the causative influence of focal infections in 
these cases of recurrent hemorrhages into the vitreous has received 
considerable support. This etiologic diagnosis lacks positive proof, 
since it must be based simply on the apparent response to the removal 
of foci of infection. Benedict was unwilling to accept the focal infective 
origin in his cases since he could not reproduce the disease in rabbits 
by the injection of streptococci isolated from the foci of infection. 
In 1927, Godwin® reported a case which showed no response to tuber- 
culin therapy but which cleared up after a radical operation on the 
frontal sinus. In 1934, Swab® reported 5 cases. He considered 3 of 
these to be due to tuberculosis and 2 to streptococcic focal infection. 
One of his cases had had pulmonary tuberculosis. In 1, the diagnosis 
of tuberculosis was based on tlie occurrence of focal reactions in tlie 
eye on tlie administration of tuberculin. In the third case considered 
to be tuberculous, the Mantoux test was positi^'e and the disease 
responded favorably to the administration of tuberculin after the 
^emo^’ai of foci and autogenous vaccine therapy bad failed to influence 
its course. In 1 of these cases, the source of the hemorrhages was appar- 
ently an arterial instead of the usual venous lesion. The 2 cases con- 
sidered to be of streptococcic origin responded favorably to the removal 
of infected teeth and the administration of autogenous vaccine. Tuber- 
culin tests were negative in tliese 2 cases. Swab thinks that retinitis 
proliferans is a frequent sequel in the tuberculous cases but not in 
the ones associated mth focal infection. 

Eecurrent hemorrhages into the ritreous occur in a certain number of 
patients with diabetes mellitus. The localized lesions in the retinal 
veins which are the source of tlie hemorrhages are quite similar to, if 
not identical with, those seen in the recurrent hemorrhages of adoles- 
cents (Bales’ disease), and reiinitis frolifcrans is an almost constant 
sequel. The patients are older than most patients with recurrent 
hemorrhages of tuberculous or focal infective origin, but usually younger 
than those witli the more ordinary types of diabetic retinitis. In the 
series of 1052 cases of diabetes recently reported by Wagener, Wilder 
and Dr}'',^® recurrent hemorrhages into the retina and vitreous with 
retinitis proliferans occurred in 19 cases. Waite reports 31 cases of 
hemorrhage of this type associated with lesions of the veins among 
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2002 diabetics. He believes that “this group is derived from diabetic 
patients with cardiovascular-renal complications and with outspoken 
disease of the retinal vascular tree. The part played by diabetes alone 
in this group seems to be tri"\dal. It seems probable that in these 
cases the possibility of a local retinal tuberculosis complicating the 
diabetes is at least worthy of consideration. 

The treatment of these recurrent hemorrhages into the vitreous has 
always been rather unsatisfactory. Some cases progress to an unfavor- 
able termination in spite of treatment; otliers do surprisingly well ndth- 
out treatment. Unquestioned healed lesions of the veins of the char- 
acteristic retinitis proliferans tj-pe are seen at times in patients who have 
been unaware of any previous trouble with the eyes. Consequently, it 
is often difficult to evaluate properly the effects of any particular treat- 
ment. Essentially, two lines of therapy are possible; first, direct 
treatment of the cause and, second, treatment directed .toward the 
absorption of blood in the \dtreous rvitliout reference to its systemic 
etiology. If the etiology of the disease can be fairly definitely deter- 
mined, specific treatment can be used. Thus Einnoff,'* Wilmer/^ 
Knapp,*- Swab® and otliers recommend the administration of tuberculin 
in tlie tuberculous cases. Proven syphilitic cases should, of course, 
be appropriately treated. Foci of infection should be removed, if 
present, and Swab recommends the administration of autogenous vac- 
cine in these cases. In cases of undetermined etiology, calcium therapy, 
injections of whole blood and of gelatin and various other measures 
have been suggested for tlie control of the bleeding. 

In the cases of proven or suspected tuberculous origin, some authors 
believe that tuberculin therapy is dangerous because of the risk of 
focal reactions in the eye vith increased hemorrhages. They prefer, 
therefore, a non-specific type of treatment in tliese as well as in the 
cases of undetermined origin. This form of treatment is directed par- 
ticularly toward the absorption of tlie blood in tlie retina and idtreous, 
and to the building up of the patient’s general resistance as an aid to 
the always-present tendency to spontaneous healing of the local lesions 
in the veins. Potassium iodid was the earliest favored drug, but its 
effect on tuberculous lesions is questionable if not definitely harmful. 
In the discussion of Finnoff’s paper in 1921, Benedict reported favorable 
results from the non-specific use of arsphenamin. More recently, at 
The Mayo Clinic, intravenous injections of gold sodium thiosulphate 
have been used with even more favorable results. As with arsphenamin, 
gold sodium thiosulphate was tried in cases of probable retinal tuber- 
culosis because of its beneficiaheffect on tuberculous lesions of the skin. 
Whether it has a more specific action on tuberculous than on strepto- 
coccic phlebitis is difficult to say at the present time. 

As noted by Waite,*® the prognosis in the cases of recurrent hemor- 
rhages into vitreous in diabetes is uniformly poor, hlo form of treat- 
ment has been seen to give satisfactory results. Almost all of these 
cases end idtimately in blindness from retinal detachment or from 
organization of the blood in the \dtreous. I har^e seen one patient, 
however, who recovered apparently spontaneously without diabetic or 
other form of treatment. 


H. P. Wagener, M.D. 
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THE DIAGNOSIS OF PERIARTERITIS NODOSA. 
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(From the Departments of Medicine and Pathology, University of Wisconsin.) 

Although Rokitansky^ is properly credited with, the first patho- 
logic description of periarteritis nodosa, he apparently had no 
appreciation of the clinical implications of his observations at 
necropsy. In 1866 Kussmaul and Maier- first correlated the clinical 
and the pathologic findings in this condition and gave it the gen- 
erally accepted designation, periarteritis nodosa. Since that time 
over 200 cases have been reported in the literature, but the intra- 
vitara diagnosis is still unusual. From the accumulated knowledge 
of the pathologic sequences of this affection and its resultant clinical 
pictures it has seemed that a more orderly approach to the problem 
should render its recognition in life more ready. 

The primary lesions are in the small arteries and arterioles, the 
larger elastic arteries and veins escaping. The general pattern is 
of an acute inflammation of the vessel wall, loss of muscle, repair 
and proliferation. Probably the inflammatory agent enters from 
the adventitial side of the vessel wall, being transmitted by the 
periarterial lymphatics.® There ensue degeneration of the muscle 
fibers of the media and coagulative and hyalin necrosis which may 
spread to the intima. A fibrinous and acute cellular exudate soon 
invades all layers of the arterial wall. This process is followed by a 
dense infiltration with lymphocytes, plasma cells and eosinophils. 
Injury of the intima leads to thrombosis, hledial injurj"^ and dila- 
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tation result in the formation of aneurysms. Frequently these 
aneurysms rupture and may thereby induce fatal hemorrhage. The 
acute e.xudative stage is succeeded by a fibroblastic proliferation 
in all coats with marked intimal thickening and a reduction of the 
lumen, replacement of the medial muscle and perivascular scarring. 
Canalization of thrombi may take place; and the organization of 
thrombosed aneurysms gives rise to firm periarterial nodules. 
During this reparati\'e proliferation there remains a somewhat 
thinned infiltration of lymphocytes, plasma cells and eosinophils. 
In many of the reported cases there have been no gross periarterial 
nodules, and the pathologic diagnoses have not been reached until 
the microscopic examination. In these cases the arterial walls 
appear to have been strengthened promptly by reparative processes 
thus preventing aneurysm formation. 

Many patients die in the acute phase of the disease, and in these 
cases the earlier lesions described would predominate. Other cases 
survive for a longer period, and in them the reparative processes 
are the most marked. The arterial lesions are not usually general, 
but affect widespread groups of vessels. These lesions cause infarc- 
tion, degeneration, atrophy and scarring in the areas supplied. 
Gangrene is common if the hollow viscera are affected. The symp- 
toms, signs and progress of cases probably depend as much upon 
the secondary reduction of blood supply to the various organs as 
they do on the primary arterial aft'eetion. 

In 1928, Strong,-* from his review of the literature, gave the fol- 
lowing order of frequency of involvement of the arteries: 1, Renal; 
2, coronary: ,3, mesenteric: 4, hepatic; 5, arteries to other viscera; 
6, cranial; 7, peripheral. The kidneys are commonly contracted 
and show much ^'ascular scarring and infarction. When the cor- 
onary vessels are affected, the myocardium may show considerable 
patchy fibrosis. Gangrenous enteritis occurs secondary to mesen- 
teric artery involvement. Probably peripheral arterj' lesions should 
rank higher in the above list, but specimens are not usually taken 
in routine autopsies. The organs least commonly involved are the 
brain and lungs. 

From this brief discussion of the pathology of periarteritis nodosa, 
it may be inferred that the clinical manifestations of the disease 
may be extremely diversified. Indeed, it has been mistaken for 
“trichinosis, Werlhof’s disease, typhoid fever, miliary tuberculosis, 
polymyositis, arteriosclerosis with sclerosis of the kidneys, neuritis 
mu'ltiple.x, gastro-enteritis, pyemia, hemorrhagic nepliritis, serositis 
tuberculosa, influenza with renal hemorrhage, purpura hemor- 
rhagica,” according to von Haun.® Harbitz® differentiated the 
gastro-intestinal, renal, neuromuscular, cardiac, cerebral and cuta- 
neous forms of periarteritis. 

In the interest of clarity it has seemed much more logical to locus 
attention upon points of clinical similarity rather than to pursue , 
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the diffusive course of possible differential diagnosis. To^ this end 
the suggestion of Meyer^ is particularly helpful. He pointed out 
that from among the multiplicity of manifestations, the following 
were the most conspicuous : “ Chlorotic marasmus, poljmeuritie and 
polymyositic symptoms; abdominal symptoms (sense of pressure, 
bloody diarrhea, vomiting, finally perforation and peritonitis). 
There is also often rapid pulse and albuminuria.” To these dominant 
manifestations Brinkman® added nephritis. Almost without excep- 
tion the reported cases have shown varying manifestations of obscure 
sepsis. Yet it does not seem logical to divide the clinical tableau, 
as have Hutinel and his fellows,® into infectious,^ digestive and 
cutaneous syndromes. The recent report of Curtis and Coffey’^® 
offers a sound approach to the diagnostic problem presented by 
periarteritis nodosa in the analysis of the clinical data after the 
numerical method of Louis. Unfortunately this review involves 
only 38 cases as reported in the English language. Of the important 
data established, the following may be cited: 40% had a febrile 
course; a like proportion had neuritis and abdominal pain; 24% 
showed edema; weakness was conspicuous in 21%; and muscular 
atrophy was noted in 20%. The other clinical manifestations were 
scattered and did not suggest a specificity. 

Much more ambitious was Arkin’s attempt'^ to fit the clinical 
pictures into the four arbitrary pathologic stages which he listed 
as alterative— degenerative, acute inflammatory, granulation, and 
healed end stage or scarring. Since the earliest stage is purely 
microscopic, no characteristic clinical picture is suggested. In the 
acute inflammatory phase, constitutional symptoms of fever, chills 
and leukocytosis may be anticipated. Eosinophilia may also occur 
in the circulating blood. The localizing symptoms and signs depend 
upon the seat of the major pathologic involvement, viz., gastro- 
intestinal tract, peripheral nerves, heart, kidnej'^ and subcutaneous 
tissue. In the next stage of granulation, wherein healing and 
thrombosis may lead to vascular occlusion, anemia and cachexia 
predominate the constitutional picture; but more serious symptoms 
of renal insufficiency, cardiac failure, abdominal pain, gastro-intes- 
tinal ulceration and gangrene, peripheral neuritis, muscular atrophy 
and disturbances in the endocrine system may develop. With the 
cicatricial fourth phase, the last named sequences may be progres- 
sive, and Arkin subscribes to the diagnostic triad of Meyer as 
supplemented by Brinkman. 

The routine laboratory studies in periarteritis nodosa are not 
conclusive. Curtis and Coffey^® relate the occurrence of leukocytosis 
in 32% of their surveyed group. Eosinophilia occurred in 12% of 
these 38 cases; but the occasional extremely high levels are more 
significant. In Curtis and Coffey’s case a peak of 77% eosinophils 
in 19,900 leukocytes was observed. Lamb^® found 51% eosinophils 
of a total white count of 20,900 in 1 of his 2 reported cases. The 
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eosinophils in Strongs'* patient reached the high level of 79% of 
32,000. Schottstaedt*^ reported 32% eosinophils of a total of 
15,600 white cells; and Haining and Kimball** 33% of 16,700. 
Taylor and Farley*^ found 72% eosinophils in 25,700 leukocytes. 
These figures do not exhaust the available information upon this 
detail, but they suffice to emphasize the importance of the differ- 
ential blood picture in this disease. It is significant that eosinophilia 
in the peripheral blood is by no means a constant finding. However, 
its occurrence must take on an added importance in the diagnosis 
and the differential diagnosis of periarteritis nodosa. 

From a knowledge of the basic pathologic changes, evidences of 
renal involvement may be anticipated in a certain percentage of 
patients suffering from this condition; but in this connection it 
should be stated that there has long been recognized a marked dis- 
crepancy in the clinical expression of the disease as compared with 
the extent and degree of the vascular changes in the several organs. 
Albumin, casts and red blood cells may be expected in the urine 
of such subjects in varying quantities from time to time. With 
ultimate renal insufficiency the retention of protein end-products 
and the failure of dye elimination may constitute further marks of 
the vascular encroachment. 

The ej^e grounds should theoretically afford an unusually fertile 
field of exploration for such vascular changes as occur in peri- 
arteritis nodosa. As a matter of fact, this promise is not fulfilled in 
actual study. Gruber*® maintains that there occurs only a neuro- 
retinitis albuminurica secondary to renal involvement. Goldstein 
and Wexler**' studied the eye of a patient dying from periarteritis 
nodosa, in which no abnormality had been observed on a single 
antemortem ophthalmoscopic inspection, and found Ij^mphocytic, 
monocj^tic and plasma cell infiltration about the choroidal vessels 
indicating a more chronic process than was evident in the visceral 
bloodvessels. They concluded that ophthalmoscopj'' should reveal 
scattered whitish foci which might even be mistaken for miliary 
tubercles. Singularly, no such findings have been reported in the 
literature. Strong* reports puffiness of the eyelids, blurred optic 
disks and peripapillary edema. One of Goldstein’s*® patients 
suffered ablatio retinae and scleritis. Taylor and Farley*® report 
diplopia, elevation of the optic nerve heads and retinal hemorrhages 
in their case. Pallor and white exudate in the retina appeared in 
Wever and Perry’s patient.*® 

The intra-vitam diagnosis of periarteritis nodosa has been 
reported in 31 instances,* in several of Avhich there apparently 
existed some reasonable doubt prior to the necropsy. It may profit 
to investigate the grounds upon which these clinical diagnoses were 
made. First, there may be grouped those 14 cases diagnosed from 

* The case of Morowitz cited by Gruber is not included, since the reference is not 
accessible. The diagnosis was apparently made upon the biopsy of a nodule. 
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their clinical aspect and course. The second case of Kussmaul and 
Maier^ was diagnosed by its similarity to their earlier one, and this 
diagnosis was confirmed by the characteristic appearance of the 
arteries in a biopsy of voluntary muscle. Kopp"® recognized the 
clinical picture in his patient through the tetrad of Meyer and 
Brinkman. Biopsy of a subcutaneous nodule clinched the clinical 
impression. Both of Goldstein’s^® cases were diagnosed by their 
characteristic course and findings. In one the typical vascular 
changes were later revealed in the arteries of an amputated leg, 
.while in the second a biopsy of the subcutaneous nodules was con- 
firmatory. In the case of Hutinel, Coste and Arnaudet® the course 
was suggestive and a biopsy of the skin fixed the diagnosis. The 
conclusion of periarteritis nodosa was reached without the support 
of a biopsy in the cases of Sacki,^^ Bansi,^^ Gobrbandt,-® Silbermann,-^ 
Carr,“ Herrman,^® and Stepp.” In the case reported by Rothstein 
and Welt,®® a biopsy of the voluntary muscle failed to confirm the 
diagnosis, but the necropsy evidence was conclusive. Serious doubt 
is expressed in the diagnosis of von Spindler’s®® case, in that neither 
adequate clinical evidence nor histologic support is offered for the 
conclusion of periarteritis nodosa. Necropsy evidence has been 
offered in the other instances of an intra-vitam diagnosis without 
biopsy support. 

The larger group of intra-vitam diagnoses of this unusual condi- 
tion (17 cases) have been incidental to the more exliaustive study of 
obscure illnesses by biopsy. In a considerable proportion of this 
series both the biopsy investigation and the revelation of the vas- 
cular origin of the ailment have been candidly attributed to chance. 
As would be anticipated, the subcutaneous nodules have offered 
the most common point of attack for this diagnostic approach 
(9 cases). Schmorl,®® Benedict, von Haun,® Weigeldt,®® van 
Paassen,®® 'Macaigne and Nicaud,®* Lindberg,®® Schottstaedt,®® and 
Grill®® have recorded cases of periarteritis nodosa in which the 
intra-vitam diagnosis was rendered possible through the biopsy of 
accessible subcutaneous nodules. Since Kussmaul and Maier first 
determined the diagnostic availability of the biopsy of the voluntary 
muscles, one would anticipate its wider utilization than in the 
2 reported instances of Carling and Braxton Hicks®^ and of Taylor 
and Farley .^® In the former a “lumpiness” was observed in the 
sural muscles and a biopsy revealed the existence of periarteritis 
nodosa, while in the latter a suspicion of trichinosis lead to a biopsy 
of the muscle. 

The approach in the remaining scattered group of 6 cases of 
periarteritis nodosa in which the diagnosis was made upon the 
tissues removed during an operative procedure, may even more 
clearly be defined as intra-vitam recognition by chance. Manges 
and Baehr’® report an instance in which the surgeon (Buerger) 
recognized the vascular lesions during an exploratory operation. 
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The diagnosis was confirmed by a biopsy' of the mesentery. Gruber*® 
diagnosed this condition from the histologic study of the gall 
bladder removed surgically. Friedberg and Gross'*® and Druss and 
Maybaum^* have placed on record instances of periarteritis nodosa 
recognized by biopsy of the appendix. Much more bizarre are the 
circumstances under which the diagnosis was made in the cases of 
Keegan^® and Gagstetter.*** In the former a vague history of sepsis 
and right renal localization led to a nephrectomy. The excised 
kidney was studded with tiny white nodules grossly resembling 
miliary tubercles, but to microscopy showing "an acute and sub- 
acute obliterating arteritis limited to the arcuate arteries.” Gag- 
stetter’s patient showed the characteristic lesions in the vas deferens, 
which was removed subsequent to a prostatectomy. 

Renewed interest in the diagnosis of this unusual condition was 
aroused by the following patient: 

Case Hfistory. Case 1. — H. T., aged 48, a farmer, was first admitted 
to the Wisconsin General Hospital on December 2, 1934, with the chief 
complaint of “pain in the stomach,’ Avhich the patient dated to October 1, 
1934. At that time attacks of sour stomach and gaseous distention occurred 
after meals. The actual discomfort persisted from one meal to the next 
and there was no apparent relation to the type of food taken, except that 
sour foods seemed to aggravate the condition. After an initial period of 
2 weeks’ discomfort, there was a season of freedom from these symptoms 
until about November 15, 1934, when thej’’ recurred in the same order and 
were accompanied by pain in the epigastrium. This pain, which radiated 
about the costal margin and to the right groin, occurred immediately upon 
the taking of food and was absent when the stomach was empty. It had 
become progressively worse. The appetite was poor ; flatulence was marked ; 
nausea without vomiting was experienced. Diarrhea succeeded the medi- 
cation prescribed by his physician. The stools were tarry on November 30, 
and on December 1 he passed a small amount of red blood in the stools. 
A cholec3''stotomy had been performed in 1931 for somewhat similar s3Tnp- 
toms and the only relief experienced 63' the patient was a freedom from 
the biliousness that occurred before the operation. 

The inventory by systems added the occurrence of steady frontal head- 
ache over the past 2 weeks accompanied by vertigo and respirator3'- difficulty, 
which had abated with the onset of the gastro-intestinal complaints. During 
the so-called asthmatic attacks, the patient expectorated as much as a pint 
of yelloMsh sputum per day. A backache had been remarked concurrently 
Awth the epigastric pain and there were frequent muscle spasms in the legs. 
The feet had been cold and there had been a steady, dull ache in the feet 
since the time of the operation. Paresthesias, especially numbness, were 
noted in the fingers about a week ago. A weight loss of 15 pounds from an 
average weight of 160 pounds had occurred in the last 2 or 3 weeks. The 
past medical histor3' is significant in the incidence of the common childhood 
diseases; measles, mumps, chicken pox and whooping cough. Tonsillitis 
had also occurred. Cholec3'stotomy was performed in June, 1931, and some 
nasal operation for the relief of asthma in 1930. The social histor}'^ was 
irrelevant except for the fact that the patient was a fanner. Family 
histor3' revealed Bright’s disease as the cause of death in the father. 

Physical Examination. The patient was poorty nourished and showed 
e\idence of recent weight loss. 'The weakness was apparent. The feet 
cold, while the skin of the body was warm and dry. Tenderness was elicited 
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over both antra. Pareirthetically, the patient stated that while driving to 
the hospital he had developed a sudden coldness and numbness of the leit 
hand, a sharp pain on the ulnar side of the left hand and in the fourth and 
fifth fingers, radiating up the ulnar side of the forearm and arm to the 
shoulder and anterior surface of the left chest. The fundal vessels showed 
slight thickening. The chest was emphysematous in shape and showed 
some possible accentuation of the normal apical differences in \nbrato^ 
phenomena. The percussion note was hyperresonant and the. breath sounds 
somewhat diminished over the entire chest. The cardiac apex was to the 
right of the sternum in the fifth interspace 7 cm. to right of midsternum, 
and the cardiac dullness was mapped entirely to the right of the sternum. 
The mitral sounds were heard entirely to the right of the sternum; the 
aortic second sound was louder than the puhnonic second. The pulse rate 
was 84; the peripheral vessels were slightly thickened, and the blood pressure 
was 122/88. The liver edge was palpable at the left costal margin; the 
splenic edge was palpable at the right costal margin. Exquisite tenderness 
was elicited in the epigastrium, especially at the site of the postoperative 
scar; some tenderness was elicited in the left lower quadrant. There was 
some inability to adduct and abduct the fingers; he was unable to extend 
completely the fourth and fifth fingers, adduct the thumb, oppose, abduct 
or adduct the little finger on the left. An anesthesia was determined over 
the ulnar side of the left hand on the palmar and volar surfaces and of the 
fourth and fifth fingers except at the extreme tip of the fourth; there was 
hypesthesia of the ulnar surfaces of the forearm and the inner surface of 
the left upper arm and the anterior surface of the chest on this side. The 
deep tendon reflexes were present and active except for the patellar and 
Achilles reflexes, which were questionably absent. No paradoxical reflexes 
were determined at this time. 

Laboratory Studies. Urinalysis showed albumin and occasional hyalin 
and granular casts; hemoglobin, 70%; color index, 0.7; erythrocytes, 
4,600,000; leukocytes, 25,100; neutrophils, 51%; eosinophils, 40%, and 
small lymphocytes, 9%. A gastric analysis 3 days later showed 33 degrees 
total acid and 13 degrees free acid. Stools showed no ova or parasites. 
The blood Wassermann test was negative on 2 occasions, the spinal fluid 
Wassermann once. The gold sol curve was 0121100000, the Ross-Jones 
and Noguchi reactions were faintly positive, and no cells were found in 
the spinal fluid. The blood cheraistrj'^ showed 105 mg. % sugar and 36 mg. 
% non-protein nitrogen. Repeated examination of the stool grossly and 
chemically showed no blood. A phenolsulphonephthalein dye output of 
80% in 2 hours was noted. The 24-hour specimen of the urine showed no 
arsenic. The analyses of the hair and nails for arsenic showed normal 
values. The cathcterized specimens of urine from the ureters showed a 
few pus cells and red blood cells from the left side and many red blood cells 
from the right. The cultures of these specimens were sterile. Detailed 
sensitization tests were done for the ordinal pollens, epidermals and 
foodstufis without establishing a positive reaction in a single instance. An 
oral cholecystogram the day after admission showed no positive shadows; 
and although the shadow of the gall bladder rvas faint, there was no evidence 
of functional al^nonnality. The barium enema showed a complete trans- 
position of the colon, the cecum being in the left lower quadrant, and there 
was some redundancy without obstructive lesions in the colon. The 
roentgenograms confirmed the fluoroscopic findings and established the 
tiansposition of the abdominal viscera. There was no intrinsic lesion 
determined. A gastro-intestinal series showed a situs transversus with the 
pylorus and duodenum on the left side, but there was no suggestive intrinsic 
defect in the upper gastro-intestinal tract. The Roentgen raj's of the chest 
showed the heart in dextro-position. 'There was very slight haze at the 
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right apex wthout granularity. The hilum shadows were somewhat 
increased in extent and on the left side there were several large caseo- 
calcareous nodes. There were several calcific shadows along the left cardiac 
border. The peribronchial markings were accentuated throughout the 
lung fields. The diaphragms -were rounded and smooth, and the sulci 
clear. The Eoentgen ray of the sinus showed mucoperiosteal thickening 
in the left antrum and similar but less marked changes in the right antrum. 
Both ethmoidal areas were diffusely clouded. The frontal cells were 
extensive and deep but apparently clear. Bilateral pyelo-ureterograms 
showed partial duplication in the right and the left pelvis showed moderate 
dilatation. The orthodiagram confirmed the physical finding of a dextro- 
cardia and showed a frontal area of 25% in excess of the predicted, and a 
transverse diameter 5% in e.xcess of prediction. There was some length- 
ening of the left auricular salient. The electrocardiograms were 'taken 
2 days after admittance and then after a period of a few more weeks and 
agreed in the details of normal rh 3 d.hm, domiward Q-R-S complexes in all 
leads, inverted Pi, Q-R-Sz deeply notched, Q-R-S, notched at the base of 
downstroke and slightly slurred on upstroke, ST segment slightly elevated 
in Lead I, Tj and T, flat. The auricular and ventricular rates were 85. 
The auriculo-ventricular conduction time was 0.14 second and intraventric- 
ular conduction time was 0.09 second. 

Course. There was a slight febrile rise from the 7th to the 17th day. 
The temperature never exceeded 101° F. The pulse remained proportional 
to the temperature elevation, as did the respirations as a rule. After the 
subsidence of the slight febrile reaction, the pulse remained dispropor- 
tionately high (84 to 104), even though the temperature went above 100° F. 
on only 2 occasions In the 29 days of his hospital stay. Proctoscopic exam- 
ination the day after admission revealed no significant pathologic changes. 
Washings of the antrum were relatively free of infection. Repeated neuro- 
logic examinations revealed the cranial nerves intact. The changes in the 
left hand and arm persisted. Sensation in all expressions over the hands and 
feet was reduced and there was slight hypesthesia over the left anterior 
chest. The knee jerks were established only on reinforcement. There was 
an absence of the ankle jerks and the radial reflexes. The patient continued 
to complain of tiring of the jaws upon eating, and dated this back for a 
period of 10 weeks. Upon occasions the upper abdominal discomfort was 
relieved by the administration of atropin. This pain recurred and the 
abdomen was exquisitely tender from time to time. Active peristalsis was 
heard and there was no vomiting. It was interesting that the leukocyte 
counts ranged from 12,450 with 33% eosinophils to 32,950 ivith 72% 
eosinophils. The lowest eosinophil count on tin's admission was 0.7 % of 
21,350 leukocytes on the 9th day. Two days before discharge, or on the 
27th daj'’ of hospitalization, the count was 60% hemoglobin, 4,360,000 
eiythroc 3 des, 16,350 leukocytes, 50% neutrophils, 40% eosinophils and 
10% lymphocytes. 

The impression of a partial intestinal obstruction was held at this tiine; 
but no satisfactory explanation was ofliered for the .persistent eosinophilia. 
The patient was discharged on the 29th day with an impression of post- 
operative intestinal adhesions and situs transversus completus, duplication 
of the left renal pelvis, and idiopathic eosinophilia. 

After 18 days at home he was readmitted (January 18, 1935) in a verj'- 
markedly debilitated condition, with the statement that he was unable to 
evacuate his bowels. He belched gas continuously, experienced a feeling 
of fullness, and was unable to drink more than -i glass of water wthout 
nausea. Two flaj's before admission he had vomited a greenish material, 
but "there had been no vomiting before or since that time. Dull to sharp 
pain occurred in the right upper quadrant whenever fluids were taken. 
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A week previously the ankles had become very edematous and he was con- 
scious of some fever. Cramps in the legs were noted. 

The examination added little to the previous study except from a nemo- 
logic standpoint. The patient had obviously lost much ground. The 
neurologic examination showed no ataxia in the usual test movements. 
The biceps and triceps reflexes were markedly reduced, as were the right 
abdominal reflexes. The patellar and Achilles reflexes were reduced. The 
general muscle tone was very poor. Roughly symmetrical patchy dis- 
turbances of tactile and temperature senses were detected in both extrem- 
ities. It became apparent that there was a bilateral peripheral involvement 
affecting the muscles of the hands, the right more than the left. The 
changes in the ulnar distribution were more marked. The right median 
nerve distribution was more markedly involved than the left. The bilateral 
involvement from the knees distally with paralysis of the muscles innervated 
by the peroneal and tibial nerves together with the changes in the reflexes 
in the arms indicated a rather extensive peripheral neuritic involvernent. 
The peripheral edema became more marked and chemosis of the conjunc- 
tiva; was noted. Stupor supervened, acetone appeared on the breath, and 
the patient succumbed after a second period of 17 days’ hospitalization. 

In this period of hospital stay several added factors were gathered from 
laboratory study. Urinalyses regularly showed albumin and many granular 
casts, llfliite blood cells were apparent from time to time. No Bence-Jones 
protein was found. The hemoglobin fell as low as 50 % and the red blood 
cells to 3,570,000. The white blood cells ranged from 13,700 to 24,250. 
The neutrophils predominated and ranged from 62 to 94%, and only on 
1 occasion, with the leukocytes at a level of 13,700, was there an eosinophilia 
(11%). The sputum was negative for tubercle bacilli. The blood glucose 
on this admittance was 75 mg. % and the non-protein nitrogen 52 mg. %. 
These figures were sharply altered, advancing steadily to 148 mg. % glucose 
and 86 mg. % non-protein iiitrogen. The creatinin ranged from 1.6 to 
1.9 mg. %. The blood chlorids were 345.8 mg. %. The total output of 
phenolsulphonephthalein dropped to 25% in 2 hours. The total serum 
proteins were 5.2 and 6 gm. %, but the serum globulin equalled the albumin 
of 2.6 on the first occasion and then exceeded the serum albumin 3.2 gm. 
as compared with 2.8 gm. The sugar tolerance test done on the 14th day 
(3 days before death) showed a normal initial level of 80 mg., but the 
subsequent curve was quite unusual in that at the end of 1 hour a figure 
of 150 mg. % was estabnshed; 2 hours, 141 mg., and 3 hours, 144 mg. This 
was interpreted as an unusual diabetic curve. 'On this second admittance 
the pulse remained irregularly high; but the temperature never exceeded 
normal level and as a rule was subnormal. 

When this patient was seen in consultation (5th day of second admittance) 
the clinical course, fever, polyneuritis, polymyositis, epigastric pain and 
eosmophiUa led to the diagnosis of periarteritis nodosa. The subsequently 
advancing evidences of renal insufficiency seemed to clinch this conclusion, 
and added to these signs of widespread vascular encroachment came the 
sigmficant sugar tolerance curve. In the absence of the typical subcu- 
taneous nodules, a biopsy of the gastrocnemius muscle was made 6 days 
before death. No characteristic lesions were determined in these sections. 

(February 4, 1935; Dr. J. C. McCarter; 3 hours after death), 
ihe body IS that of a ^Yell developed, poorly nourished white male about 40. 
Ml old healed upper right rectus incision which admits of some herniation 
IS present. Well marked muscular atrophy of both legs is noted, as well 
^ slight^ atrophy of the shoulder girdle and manual interosseus muscles. 
On opening the body cavities a complete situs transversus of the \’iscera 
IS encountered. The peritoneal caiuty contains some excess free fluid and 
many dense, fibrous adhesions about the gaU bladder, the cecum, and the 
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pelvic portion of the small intestine. About the latter site there is also some 
fibrinous exudate. There are fibrous adhesions and about 800 cc. of fluid 
in either pleural caAoty. The pericardium is universal!}'' adherent by fine, 
fibrous bands, vnth pleuro-pericardial adhesions on ,the right and some 
calcification. The heart 'U'eighs 420 gm. The muscle shorvs some scarring. 
On the posterior leaflet of the mitral valve in the line of closure are encoun- 
tered t-wo small, chronic, rheurr ^ ^he lungs show apical 

scars, bronchopneumonia and ■ • ■■ ■ ■ liver has a prominent 

nutmeg appearance. The gall bladder has a thickened wall and contains 
a number of stones under 2 mm. in diameter. The stomach mucosa con- 
tains numerous petechial hemorrhages. A segment 8 cm. long of the ileum 
is undergoing gangrene. The kidneys weigh 140 and 150 gm. Their surface 
is coarsely nodular, and the cut surface shows poor differentiation and 
obliterated and distorted markings. There are many patches of yellow 
scarring, and several small infarcts are noted. The intima of the aorta 
shows a few yellow plaques. No gross lesion of the brain is noted. 

The gross anatomic diagnoses were: Situs transversus; fibrous pericardial 
adhesions; cardiac dilatation and hypertrophy; myocardial fibrosis; chronic 
rheumatic endocarditis; bronchopneumonia; pulmonary congestion and 
edema; fibrous pleural adhesions; apical pleural scars; hj’^drothorax, hydro- 
peritoneum, dependent edema; fibrous peritoneal adhesions; acute gan- 
grenous enteritis; chronic cholecystitis and cholelithiasis; chronic passive 
congestion of liver; atrophy of spleen; multiple renal infarcts; vascular 
scarring of kidneys; fibrous thickening of left ureter; abdominal incisional 
hernia. 

Microscopic Examination. Many of the smaller arteries and arterioles 
show a marked intimal fibroblastic proliferation with near-occlusion of 
the luraina, and in some instances canalization.. There is fibrosis of the 
media, and marked wide perivascular scarring. A sparse infiltration of the 
Avails of the A'essels and perivascular tissues Avith lymphocytes, plasma cells 
and eosinophils is present. In many of the sections, especially in those of 
the heart, there are cells in the e.\’udate AAdiiclj bear a high resemblance to 
Aschoff cells. The vessels of the follo'wing organs are affected : Edneys, 
heart, stomach, gall bladder, gut, urinary bladder, pancreas, adrenals, volun- 
tary muscle from the leg, and brain. There is some thrombosis in the in- 
testinal vessels, and a gangrenous intestinal wall. Only an occasional small 
arterj”^ in the brain is affected. The gall bladder section shows in addition 
an acute ulceration of the mucosa. 

Additional diagnoses included: Periarteritis nodosa; acute ulcerativ'e 
cholecystitis. 

Two further cases occurring on other services in the Wisconsin 
General Hospital are cited to emphasize the difficulties in the 
diagnosis of periarteritis nodosa. 

Case Reports. Case 2. — D. L. B., aged 69, was a Avhite, male, retired 
merchant. The history was obtained from a son-in-law, since the patient’s 
mental condition did not render the same reliable. For 3 months prior to 
admittance (June 11, 1929) the patient’s mind had been failing. He Avould 
begin a sentence and then would be unable to complete it. Delusions 
of persecution were expressed and apparently these troubled the patient 
greatly. Although usually good natured, he became quite restless. The 
appetite had been good until recently. For the past few days the patient 
had been rubbing his head as if there might be pain, although no spon- 
taneous complaint of this order had been volunteered. Several years ago 
the patient experienced some so-called asthmatic attacks and tliere Avas a 
recurrence within recent months Avith some cough. There has been a pro- 
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gressive weight loss of some 40 to 45 pounds in the past 3 years. An arrhyth- 
mia has existed for the past 2 years. There is a cathartic habit ; recent incon- 
tinence of urine and feces has occurred. About 2 months ago there was a 
slight stroke, and later there had been muscle twitching ivithout localiza- 
tion, lasting for hours at a time. The past medical history revealed only 
the “asthma” above-mentioned and chronic arthritis. A toe was amputated 
a year ago- because of a beginning gangrene. The family history was 
irrelevant. The social historj^ adds moderate use of alcohol and tobacco. 

The physical examination revealed a rather uncooperative individual. 
There was a marked arcus senilis; the extraocular mo-vements could not 
be tested; there was a small amount of purulent material in the conjunctival 
sacs; the pupils were equal and slightly irregular; the eye grounds showed 
narrow, tortuous vessels, but there was no hemorrhage or exudate. The 
patient was edentulous, the tonsils were hypertrophied. The chest was 
emphysematous in type but no other pulmonary abnormality was estab- 
lished; the heart appeared enlarged to percussion; the second sound at the 
apex was ringing; there were no murmurs but an irregularity of rhythm 
occurred from time to time interrupting a regular rhythm; the peripheral 
vessels were thickened; blood pressure was 190/110; there was some tonal 
arrhythmia ohserved. The abdominal examination revealed no abnor- 
mality. The skin over the hands and -wrists was glossy and deeply pig- 
mented. The right hand was held in flexion and could not be extended. 
The right arm did not move voluntarily but the left arm and hand were 
used to accomplish all necessary movements; neither forearm could be 
extended completely at the elbow. There was pain upon movement of the 
hips, and the left great toe had been amputated. The biceps reflexes were 
hyperactive; but the patellar reflexes were definitely reduced and the 
Achilles reflexes could not be elicited. There were no paradoxical reflexes. 

Laboratory examinations included a blood count which showed 76% 
hemoglobin, 0.7 color index, 4,950,000 red blood cells, 8400 white blood 
cells with 70% neutrophils, 4% eosinophils, and 26% lymphocytes. Blood 
Wassermann reaction was negative, the blood chemistry showed 94 mg. % 
sugar and 41.1 mg. % non-protein nitrogen. 

On the 5th day after admission the patient showed a rapid decline. 
There was much mucus in the throat, the pulse was of poor quality and 
irregular, and death ensued. The clinical diagnoses were arteriosclerotic 
cardiovascular disease, myocardial degeneration, hypertension, arterio- 
sclerosis of the brain and cord -with dementia. 

Autopsy (June 16, 1929; Dr. G. Ritchie; 2 hours after death). The body 
is that of a fairly well nourished elderly white male. There is limitation 
of motion in the right elbow to about 135 degrees, apparently the result 
of a bony ankylosis. There are a few fibrous pleural adhesions on the 
right. The heart weighs 410 gm.; the coronaries are sclerotic and calcified; 
the muscle is brovm, with many gray streaks. The lungs exhibit emphy- 
sema, apical scar, posterior congestion and patchy bronchopneumonia. The 
spleen is somewhat atrophied. _ The liver shows a prominent nutmeg appear- 
bladder wall is thickened and the mucosa is atrophic -with 
adhering yellow granules. The kidneys weigh 160 and 150 gm., and have 
a fine xiniformlj'- granular surface interrupted by several small cysts; the 
cut. surface shows a cortex about 1 mrn. in width, fair differentiation, and 
obliterated markings. The prostate is somewhat enlarged and slightly 
boggy. The aorta is tortuous, inelastic, and contains many pearly and 
3 ’ellow plaques and some calcification. 

Gross Anatomic Diagnoses. Small granular kidneys; chronic myocardial 
fibrosis ; cardiac hjqiertrophj’^; bronchopneumonia; senile emphj'sema; obso- 
lete apical tuberculosis; splenic atrophy; chronic passive congestion of 
liver; chronic cholecj’stitis; hj'pertrophy of prostate; arteriosclerosis. 
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Fig. 1. — Case 1. Arcuate arteries of kidney, showing intimal coagulative necrosis 
in one, intimal fibroblastic proliferation, greatly reduced vascular lumina, and peri- 
vascular infiltration with plasma cells and lymphocytes. (Zeiss apoehr. obj. 10, 
Homal II, X 60.) 



Fig. 2. Case 1. Cut section of kidney showing generalized intense vascular scarring 
and infarction. (Reduced from actual size.) 





Fig. 3. — Case 1. Small arteries in heart, showing hyperplastic intimitis, e.v'tremely 
narrowed vascular lumina, perivascular scarring, and sparse cellular infiltration. 
(Zeiss apochr. obj. 5, Homal I, X 45.) 



Fig. 4. — Case 1. Small arteries in gastrocnemius muscle, showing hyperplastic 
intimitis, perivascular scarring and diffuse infiltration with plasma cells, lympho- 
cj'tes and eosinophils. (Zeiss apochr. obj. 5, Homal I, X 55.) 



Fig. 5.— Case 1. Small artciy in pancreas, showing marked hyperplastic inti- 
mitis and medial and perivascular scarring. (Zeiss apochr. obj. 5, Homal II, X 22.) 
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strings of pasty mucus hung from the nasal pharynx mto the oral pharjmx; 
the tonsils were cryptic and markedly enlarged; the lips were pale and dty. 
A few palpable cer^dcal lymph nodes were noted. The wasting of the 
muscles of the thorax was conspicuous. There was some lag in the respira^ 
tory movements on the left as compared with the right,- and breath sounds 
were somewhat diminished in the left upper chest laterally. There were 
fine, moist rales in both bases posteriorly. The heart was apparently 
enlarged to the left upon percussion; there was a loud systolic murmur at the 
apex and along the left sternal border and a rough systolic murmur at the 
base over the aortic area; both aortic and pulmonic second sounds were 
accentuated. The blood pressure was 206/120. The peripheral vessels were 
markedly thickened and tortuous. Aside from a palpably enlarged liver 
no abnormality was established in. the abdomen. Marked edema of both 
legs extended midway to the knees, and edema of the upper extreniities as 
far up as the mid-forearm. Definite diminution of tactile perception was 
noted in the arms, legs and abdomen. Marked atrophy and loss of sub- 
cutaneous tissue was observed throughout. The deep tendon reflexes were 
normal in the upper extremities except for reduced radials; the abdominal 
reflexes were reduced; the knee jerks were definitely reduced and the 
Achilles reflexes absent; no paradorical reflexes were established. Much 
pain was evinced upon rectal examination; the prostate was large and soft. 

Laboratory Examinations. Urinalysis: Specific gravity ranged from . 
1.010 to 1.012, a trace of albumin, many coarsely granular casts and, in 
one specimen, a trace of blood by the benzidin reaction. Hemoglobin, 
45%; color index, 0.6; red blood cells, 3,560,000; white blood cells, 10,150; 
neutrophils, 88%; small lymphocytes, 11%,- and large mononuclears, 1%. 
The blood Wassermann was negative; on admittance the sugar was 113 mg. 
%; non-protein nitrogen 90 mg. %, and creatinin 2.4 mg. %. Eight days 
later the non-protein nitrogen had risen to 122 mg. %, and the creatinin 
to 2.6 mg. %. The phenolsulphonephthalein output was 15% in 2 hours. 
The total serum protein on admittance w'as 5.1 gm. per 100 cc.; the serum 
albumin was 2.37 gm., globulin 2,73 gm. %. Eight days later the total 
serum protein was 5.5 gm. %, the albumin 2.5 gm. %, the globulin 3 gm. %. 
The electrocardiogram the day after admittance showed normal rhythm, 
slight slurring of the Q-R-S complexes in Leads I and III, low T, and Tj. 
Tlie intraventricular conduction time was 0.1 second and the auriculo- 
ventricular conduction time was 0.17 second. 

The course during his hospital stay was complicated by a swelling over 
the right parotid gland with an area of inflammatory "edema, sharply 
demarcated from the sun-ounding structures. There was no febrile reac- 
tion, although the pulse rate was accelerated. The leukocytes rose to' 
20,700 uith 80%’ neutrophils, 13% small IjunjAiocytes, and 7% large 
mononuclears. The absence of local erjdhema and the rapid resolution 
of the process argued against a diagnosis of erj^sipelas. On the Sth day of 
the hospital stay there was a sharp accession in the respiratorj’^ rate vdth 
an ewdent slump m the' general condition of the patient, which taken Mth 
the presence of many fine, moist rales in the right apex, led to an impression 
of bronchopneumoma. In spite_ of supportive treatment, the patient 
rapidly vent on to a fatal termination with advancing cyanosis and a 
faihng circulation. 


The clinical diagnoses were_ arteriosclerotic cardiovascular-renal disease, 
cardiac enlargement, myocardial degeneration, relative mitral insufficiency, 
atherosclerotic aortitis, hypertension, functional capacity Ilb; nephro- 
sclerosis of artOTOSclerotic type with renal insufficiency. The other diag- 
noses were irrelevant. 


Stebbins; 2 hours after death), 
le bod} IS that of a poorly developed and nourished elderly white male. 
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There is some edema of the ankles and flanks. The peritoneal cavity 
contains about 100 cc. of clear amber fluid. The cecum is displaced and 
lies under the gall bladder, and the colon first descends and then ascends 
to become the transverse colon. There are fibrous pleural adhesions at the 
right apex, and the ca%dty contains 750 cc. of clear fluid. The left pleural 
ca%dt 3 ’ is obliterated by fibrous adhesions. The heart weighs 325 and 
shows sclerosis of the coronaries, conunissural adhesions of the aortic cusps 
and scarring of the muscle. The lungs are congested and edematous, and 
bronchopneumonia and an apical scar is present. The spleen has some 
sugar crast thickening of the capsule. The liver cut surface is nutmeg. 
In the jejunum and ileum there are dark hemorrhagic mucosal patches, 
some of which are definitely ulcerated. The largest of these is 7 by 2.5 cm., 
and the serosa opposite shows some plastic exudate. The Iddneys weigh 
160 and 150 gm. Tlie capsule strips easily, leaving a smooth, irregularly 
mottled, yellow and reddish-purple surface; and the cut surface shows 
obliterated differentiation and markings, vlth a considerable amount of 
irregular prohferative change. Tlie aorta has a moderate amount of 
senile sclerosis. 

Gross Anatomic Diagnoses. Arteriosclerosis; myocardial fibrosis; chronic 
passive congestion of the liver and spleen; pulmonaiy edema, congestion 
and atelectasis; hydrothorax; ascites; ankle edema; bronchopneumonia; 
perisplenic fibrosis; ulcerations of small intestine; fibrous pleural adhesions; 
emaciation. 

Microscopic Examination. The smaller arteries and arterioles in many 
tissue sections show a coagulative and hyalin necrosis of the media, a 
prominent fibroblastic proliferative intimitis, and an infiltration of the 
media, adventitia and perivascular tissue vdth neutrophils, eosinophils, 
l 3 Tnphocytes and plasma cells. Many of the vessels are nearly occluded 
by the intimitis, and vessels in the intestinal wall show thrombosis. Vessels 
in the following organs are affected: Heart, kidneys, stomach, gall bladder, 
small intestine, spleen, urinary bladder, aorta and adrenals. The changes 
in the heart vessels are not prominent. 

Additional Diagnoses. Periarteritis nodosa; thrombus in a pulmonary 
artery; vascular nephritis. 

The etiology of periarteritis nodosa is unknown. Many surmises 
have been made, and some experimental w^ork has been done, but 
as yet the pathologic characteristics of the disease seem to lend 
the surest guides as to the underlying cause. 

Earlier writers often mentioned syphilis as the etiologic back- 
ground; but since the development of the Wassermann reaction for 
diagnosis and the modern methods of treatment, any connection 
of the Treponema pallidum with the disease has been repeatedly 
disproved. Alechanical causes and parasites have been ruled out 
as etiologic agents; and the possibility of streptococcic septicemia 
has been disproved by repeatedly negative blood cultures. 

There has been bacteriologic examination of the involved tissues 
and the blood of patients suffering with periarteritis nodosa bjj a 
number of workers from time to time, with uniformly negative 
results. The reports of Lamb’- and Klotz^ in this connection are 
especially interesting. Von Haun in 1920^ believed that he had 
produced suggestive lesions in guinea pigs by injection of blood 
from a patient with periarteritis nodosa. In 1922 Harris and 
Friedrichs^’^“ claimed to have transmitted the disease to rabbits by 
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material from lesions passed through a Berkefeld filter. Other 
workers have not been able to repeat their work, and indeed their 
published results are not convincing. However, Arkin^^ and Haining 
and Kimball, as well as some other recent writers incline to the 
belief that periarteritis nodosa is a specifip disease entity, and offer 
a filterable virus as the probable etiologic agent, even though all 
attempts at isolation have failed to the present time. 

In 1923 Ophuls^** made a strong plea for the relationship of peri- 
arteritis nodosa and rheumatic fever, emphasizing clinical, patho- 
logic and bacteriologic evidence. His summary of the evidence is 
excellent, and since that time strong confirmatory work has added 
strength to his position. The presence of lesions in smaller arteries 
in cases of acute rheumatic fever has received increasing comment; 
von Glahn and Pappenheimer*^ report “typical” lesions of this kind 
in 10 out of 47 cases of rheumatic fever which they reviewed. They 
believe that these lesions are to be distinguished from those of 
periarteritis nodosa, but the differential points quoted by them do 
not seem to us to be diagnostic. Friedberg and Gross, in reviewing 
8 cases of periarteritis nodosa, have shown the presence of typical 
Aschoff bodies in the myocardium in 4; and state that they believe 
that rheumatic fever is a common cause of periarteritis nodosa. 
They also comment, as have other authors, on the relationship of 
rheumatic fever, periarteritis nodosa and the malignant nephro- 
sclerosis of Fahr to each other; and they offer as an explanation of 
“abdominal rheumatism” the lesions qf periarteritis nodosa. One of 
the most recently reported cases of periarteritis nodosa^* occurred 
in a patient suffering acute chorea, who was treated with salicylates, 
and in whom postmortem examination revealed acute myocardial 
and endocardial rheumatic lesions as well as those of periarteritis. 
The most consistently reported lesions accompanjdng periarteritis 
nodosa are those of rheumatic fever. In view, therefore, of the 
considerable evidence from many sources of the clinical, pathologic 
and bacteriologic relationship of rheumatic fever and periarteritis 
nodosa, the suggestion seems warranted that the latter be placed 
in the “rheumatic group.” 

Our cases of periarteritis nodosa exemplify certain of the prob- 
lems in the clinical and pathologic definition of the disease. All 
3 were males. This sex predominates in all reported groups. The 
age incidence covers a wide range, 3 months to 71 years; so that 
the ages of these patients, 48, 68 and 69 years, are scarcely signifi- 
cant. The duration of the terminal illness is difficult to fix." Curtis 
and Cofteyi® give the range from 6 days to 6 years with an average 
of 16 months, but e.xpress the opinion that this figure is too high 
and favor Strong’s^* figure of 5 months or Gruber’s^® of 4.7 months. 
Tiie first patient of this group IKed slightly over 4 months from the 
onset of symptoms, the second 3 months, and the third 4 months. 

T-he intra-vitam diagnosis was rendered possible in Case 1 after 
a continued period of study by the complete evolution of the tetrad 
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of Mei^er^ and Brinkmann.® Vague to sliarply localizing epigastric 
pain, headache, fever, polyneuritic and polymyositic manifestations 
were the earliest clues. Thereafter came the clear evidences of 
advancing renal involvement. A further interesting development 
was the occurrence of a diabetic sugar tolerance curve indicating 
pancreatic encroachment. The extreme eosinophilia in the differ- 
ential blood picture was a further focusing detail. In this patient, 
as well as in Case 3, there was an inversion of the albumin-globulin 
ratio in the serum protein determinations. The clinical diagnosis 
was not made in Cases 2 and 3, and clearly the difficulties were 
much more serious than in Case 1. However, weight loss was an 
even more conspicuous manifestation in these two than in the first 
patient. In Case 2 the picture was that of central nervous system 
deterioration and the etiology was deemed to be simple arterio- 
sclerosis, while in Case 3 renal insufficiency dominated the situation 
but distinct indications of a polyneuritis and possible polymyositis 
were overlooked or minimized. Arterial hypertension was added 
in the last case to direct attention more exclusively to the renal 
factor, a position supported by the laboratory evidences of renal 
incompetency. The latter 2 patients showed no such significant 
eosinopliilia as in Case 1 during short periods of hospitalization. 
Subcutaneous nodules were not detected in any of the three and, 
as stated before, a biopsj^ of voluntary muscle in Case 1 was not 
diagnostic. 

Without a clear insight into the etiology of periarteritis nodosa, 
treatment must be empiric. The experience of Carling and Braxton 
Hicks®^ and Schottstaedt^® in the response of such patients to 
arsphenamin must be unusual. Of course it need not be assumed 
that lesions responding to arsenicals are s^Tjhilitic; but the first 
named case did have associated sj^ihilis. The trial of arsenicals is 
advocated without evidence of their specific value, even though 
many suggest their use only in the presence of recognized syphilis. 

Lacking an accepted etiologic agent and specific therapy, the 
natural evolution of the disease attracts the attention, hlany have 
assumed a ’priori that periarteritis nodosa is of necessity a fatal 
disease. Its clinical obscurity and the regularity of widespread 
histologic lesions at necropsy have supported this opinion. Carr-® 
has ably analyzed this phase of the question, and Arkin^* has traced 
the pathologic steps in the progression of the disease. Spiro'*’ refers 
to clinically latent and pathologically obsolete periarteritis nodosa. 
Klotz® suggests the oversight of many cases through recovery. 
SchmorP® reports a case of the disease diagnosed by biopsy of a 
subcutaneous nodule that undenvent a remission with antisyphilitic 
treatment. Two years later necropsy revealed only small fibrous 
foci in the kidneys, liver and -heart as residuals of the earlier peri- 
arteritis nodosa. Probably the most unusual observation upon 
the evolution of the disease is that of Keegaffi’ previously cited. 

A right nephrectom}’- had been performed under conditions sug- 
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gesting a renal infection. The removed kidney presented arteriolar 
changes characteristic of periarteritis nodosa. Renal and circula- 
tory incompetency succeeded tliis operation, and at necropsy 
2 months later similar changes were observed in the cystic artery 
of the gall bladder, the pancreatic and the splenic arteries. The 
remaining kidney had undergone transformation to early arterio- 
sclerosis and chronic vascular nephritis. This experience led Keegan 
to postulate that many cases of chronic vascular nephritis may 
have their origin in mild renal periarteritis nodosa. 

Summary. From this review of the subject certain deductions 
regarding periarteritis nodosa seem reasonable: 

1. The incidence of the disease probably greatly exceeds its 
recognition clinically and pathologically. 

2. The pathology consists of a necrotizing arteritis, subacute and 
chronic cellular and fibrinous exudation, aneurysm formation, throm- 
bosis, and fibroblastic proliferation and repair. The smaller arteries 
and arterioles are affected; and degeneration and infarction in the 
areas of supply are common. 

3. Etiologically periarteritis nodosa is probably closely associated 
with the “rheumatic group” of diseases. 

4. The tetrad of Meyer and Brinkmann, chlorotic marasmus, 
polyneuritis and polymyositis, striking abdominal manifestations 
(cramps, vomiting, diarrhea, melena and perforation) and nephritis, 
offers a logical foundation for the clinical appreciation and diag- 
nosis of periarteritis nodosa. 

5. Unexplained fever, polymyositis, polyneuritis and eosinophilia 
constitute peculiar grounds for the consideration of this diagnosis. 

6. Wlierever the question arises, recourse should be had to 
biopsy of accessible nodules or voluntary muscle. 

7. Further study may grant diagnostic values to ophthalmoscopy, 
electrocardiographyso and roentgenography of the lungs-*’ in peri- 
arteritis nodosa as yet not clearly established. 


The authors acknowledge with thanks and appreciation the courtesy and cooper- 
ation of Gorton Ritchie, M.D., Department of Pathology, in the preparation of 
these photomicrograms. 
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Since periarteritis nodosa is comparatively rare in adults, and 
particularly so in children, we have thought it worth while to report 
the following case which presents a number of interesting and 
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unusual features. A review of the literature of periarteritis nodosa 
in infancy and childhood was made by Rothstein and Welt, in 
1933, who abstracted 21 cases and added 2 cases of their own. In 
the same year, Nowal^? reported an additional case in a child aged 
12, and recently Friedberg and Gross* have reported 2 cases asso- 
ciated with rheumatic fever in children, 1 of which had been pre- 
viously reported by Rothstein and Welt. 

Case Report. History. An Italian schoolgirl, aged 9, was admitted to 
the Long Island College Hospital on January 28, 1933, because of a purplish 
discoloration of the left anlde, pain in both legs, loss of weight and fever. 

Six weeks before admission she injured her left ankle by striking it 
against a hard object. There was no discoloration, no swelling and no 
pain at that time. She was perfectly well until January 8, 1933, 20 days 
after the injury. She then complained of chilliness and pain in both legs. 
Her temperature was 102° F. by mouth. The next day she was unable to 
stand or walk because of the pain and remained in bed. She could move 
both legs but the motion was painful. These sjTnptoms_ continued, and 
7 days before admission the mother observed a small purplish discoloration 
on the outer surface of the left ankle. The discolored area_ gradually 
increased in size ndthout any perceptible swelling. The pain in the legs 
became progressively worse and was most marked in the thighs and in the 
region of the left ankle. It was s’o severe that she was unable to sleep. 
She refused food but took liberal amounts of fluid ndthout vomiting. The 
temperature fluctuated between 100° and 104° F. Because of the fever, 
loss of weight, pallor and the severity of the pains, she was brought to the 
hospital for treatment. 

The father, mother, 5 brothers and sisters were living and well. The 
mother had had 2 miscarriages, apparently spontaneous. During infancy 
the patient had been poorly cared for. No cod-liver oil had been given 
during this period. At the age of 4 she developed pertussis of average 
severity. She had several colds each winter, with no complications. There 
was no historjf of tonsillitis, chorea, growing pains, arthritis or scarlet fever. 
The mothet stated that she was backward at school. 

Physical Examinatioji. The temperature was 103.8° F., pulse 106 and 
respirations 28 per minute. The child was acutely iU, pale and apparently 
in severe pain. She was restless and irritable. There had been consider- 
able loss of weight. She rested on her side with the lower extremities 
drawl up against the abdomen. 

The skull showed no abnormalities. The eyes were somewhat sunken. 
The pupils were equal and their reactions normal. The ears were normal. 
There were herpetic lesions on the lower lip. The mucous membranes of 
the nose and moutii were pale, the tongue was coated and diy and there 
were many carious teeth. The tonsils were small and the pharynx was 
reddened but no exudate was noted. - There was no enlargement of the 
cervical Ijmiph nodes. The chest was sjunmetrical and narrow. The lungs 
vere apparently normal. The heart sounds were regular and strong and 
there was no e^'idence of enlargment. A soft, apical systolic murmur ■was 
present but was not transmitted. The abdomen "was flat and showed a 
moderate degree of generalized tenderness and rigidity. The liver and 
^Icen were apparently normal in size. No abnormal masses were palpable, 
llie external genitalia were normal. 

The upper extremities were normal, the lower sjunmetrical and there was 
no edema. ^ The A’cins of the ankle and dorsal surface of the left foot seemed 
more prominent than is usual in a child of this age. To a lesser extent 
tins was also true of the right extremitj\ Any attempt passively to move 
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the lower extremities was accompanied by severe pain. The joints seemed 
to be normal. Pain was elicited when pressure was applied to the thighs. 
An extremely tender, not elevated ecchymdtic area, about 4 cm. in diameter 
was found over the external malleolus of the left ankle. The reflexes were 
equal and active on both sides. No pathologic reflexes were elicited. 

Lahoratonj Data. The red blood cell count was 4,240,000 per c.mm., and 
the hemoglobin was 54% (Sahli). There were 20,500 white blood cells 
per c.mm., with 83% neutrophils, 13% lymphocytes, 2% mononuclear and 
2% eosinophils. The bleeding and coagulation times were normal. The 
platelets numbered 230,000 per c.mm. The blood and spinal fluid Wasser- 
mann reactions were negative and the spinal fluid cytology and pressure 
were vithin normal limits. Non-protein nitrogen and sugar determinations 
of the blood were normal. The blood culture and Widal reactions were 
negative. A roentgenologic study of the left ankle, pehas, hip joints and 
lower spine showed no abnormalities. 

Course. The course of the child’s illness was that usually seen in general 
sepsis. The temperature fluctuated between 101° and 104° F. The pulse 
continued regular but very rapid. There was no change in the systolic 
murmur. Generally, except for loss of weight, the physical findings did 
not differ from those elicited at the initial examination. However, 8 days 
after admission the ecchymotic area on the left ankle increased to about 
6 by 4 cm. in size. Several small ecchjmaotic areas also appeared on the 
ankle, dorsum of the left foot, the inner surface of the left leg and the 
plantar surface of the right foot. Several blebs contained a serosanguine- 
ous fluid developed on the skin of the left ankle over the largest of these 
lesions. Culture of this fluid revealed a hemolytic Staphylococcus aureus. 
Two days after their appearance the blebs ruptured and left an ulcerated 
area from which a serosanguineous fluid continued to exude. There was 
now a loss of pain and temperature sense distal to the ecchymotic area on 
the left ankle, while directly over this area these sensations were dimin- 
ished. Treatment did not change the appearance of these lesions. 

Two weeks after admission laboratory studies revealed a red blood cell 
count of 3,900,000 per cimm. and a hemoglobin of 65% (Sahli). The white 
blood cells numbered 19,200 per c.mm., with 84% neutrophils and 16% 
Ijnnphocytes. The urine showed a trace of albumin, a few pus cells but 
no red blood cells and no casts. Repeated blood cultures continued to 
show no grovdh. 

Despite supportive and symptomatic treatment the child became pro- 
gressively worse, and 15 days after admission she developed a clonic convul- 
sion of the left arm and left side of the face, which soon involved the entire 
bod 5 ^ Spinal puncture showed an increase of pressure, but no changes 
in the C 3 'tology or chemistrj^ of the spinal fluid were found. The systolic 
blood pressure was 115 mm.; the diastolic pressure could not be obtained. 
The commlsions ceased the following day and were replaced by a rigidity 
of the decerebrate type. The patient remained in coma and died 2 days 
later without regaining consciousness. 

The presence of bizarre ssanptoraatology and the absence of definite 
laboratorj’- findings made the diagnosis of this case most difficult. The 
opinion was expressed, however, that we were dealing with a widespread 
vascular lesion of undetermined nature. 

Necropsy. The body wns that of a fairly well-developed but poorly 
nourished, white, female child. On the lateral and posterior aspects of 
the left ankle there was a large ulcerated area, with an ecchymotic border, 
which measure 8 cm. in length, 4 cm. in width, extending through the 
superficial fascia to the peroneus tendons (Fig. 1). No gross e\idence of 
infection of this area was noted. In the inunediate vicinity there were a 
few small reddened ulcerated areas, measuring from 5 to 10 mm. in diam- 
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eter, which were covered by dark red crusts and surrounded by brownish- 
purple zones apparently subsiding ecchymoses. There was no swelling of 
the soft tissues, bone or joint in this region. The plantar surface of the 
right foot showed several small ecchymotic spots, measuring from 2 to 4 mm. 
in size. No other abnormalities were noted on external examination. 



'orolcS;? 't'?” r"* f ■ «»id- The surfaces 

and thri?on^S • showed passive congestion and edema, 

bloodvessels cLldfbeSd"! pulmonary 
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the posterior leaflet there were several grayish-white nodules, measuring 
from 1 to 2 mm. in diameter. Grossly the appearance was that of a healed 
rheumatic endocarditis. The remaining valves showed nothing of patho- 
logic significance. 

The abdominal cavity was bathed in a greenish-brorvn, sour-smelling 
fluid, of which there was 90 cc. in the pelvis; The serous surfaces were 
found covered with a fibrinous exudate. -On the lesser curvature of the 
■ stomach, 2 cm. from the pylorus, there was a perforated ulcer, measuring 
1 cm. in diameter. Another small ulcer, but non-perforating, was found 
at the pylorus and still another in the first part of the duodenum. The 
remainder of the gastro-intestinal tract was normal except for several 
small petechial hemorrhages in the mucosa of the transverse colon and 
lower ileum. 

The liver was about normal in size, weighed 540 gm. (normal weight, 
750 gm.'*) and was reddish-broum in color. The surface presented numer- 
ous irregular depressed yellowish areas, surrounded by hemorrhagic zones. 
These areas almost entirely covered the superior and inferior surfaces of 
the left lobe. On section, areas similar to those seen on the surface were 
found, and in the portal areas there were numerous small gray translucent 
nodules resembling tubercles. The vessels in the portal canals were unusu- 
ally prominent and markedly thickened, the lumina of some being almost 
completely occluded. In some instances thrombi were found in the vessels. 

The spleen was about normal in size and weighed 70 gm. (normal weight, 
60 gm.'*).' The capsule was thin and on the surface irregular depressed 
yelloTOsh areas were found. Similar areas were found on the cut surface. 

'The Iddneys were slightly enlarged and together weighed 145 gm. (nor- 
mal weight of each, 120 gm.'*). Their external and cut surfaces .presented 
numerous small yellow patches surrounded by hemoiThagic zones. The 
interlobular and arcuate arteries were thickened, gaping and in some 
instances occluded. 

The adrenals were essentially normal except for several small pin-point 
orange-yellow nodules found in both the cortex and capsule. 

The pancreas was grossly normal except for a moderate degree of thicken- 
ing of the vessel walls. 

On opening the skull, the dura was found to be normal. The leptomen- 
inges were congested and a slightly increased quantitj'^ of opalescent 
subarachnoid fluid was found. The vessels at the base of the brain appeared 
normal. The cerebral convolutions were slightly flattened and the sulci 
somewhat narrowed. Sections through the brain showed.no gross patho- 
logic changes. The dural sinuses contained fluid blood and appeared 
normal. 

The pituitarj’- body was normal in size but markedly congested. 

In the ethmoid sinus a small hemorrhagic erosion of the mucous mem- 
brane was found. 

The right eye was removed and found normal in size and shape. The 
cornea was slightly “steamy,” so that no details of the inner structures 
could be seen. After fixation “windows” were cut in the horizontal 
plane. The retina was not detached and, moreover, gave the impression 
of being abnonnally adherent. Otherwise the organ appeared grossly 
normal. • 

Culture of the blood taken at autopsy revealed no bacterial growth. 

Microscopic Examination. The most striking lesions were found in 
the small and medium-sized arteries of the kidnej’^s, liver and spleen and 
the superior mesenteric arterJ^ The media of most of these arteries showed 
both degenerative and inflammatory changes. The mildest changes noted 
were edema of the media and swelling of the muscle cells. Other lesions 
apparently more advanced, showed a thready fibrinous exudate in both 




Fig. 2. —Section of small artery, showing destruction of media with hyalinization 
and infiltration of adventitia and periadventitial tissue with epithelioid cells, and 
round cells. One very large and several smaller Langhans' giant cells are shown. 



Fig, 3. Section of brain and pia-arachnoid in a sulcus, showing congestion, 
edema and moderately hea\'j' infiltration with round cells. There is marked margina- 
tion of leukocytes in bloodvessels. 






Fig. 4. — Section of margin of skin ulcer, showing two arteries with marked irreg- 
ular intimal thickening and replacement of media and adventitia with granulation 
tissue. 



5 _ Section of eye, showing vascular changes and cellular infiltration in the 

choroid. ' At .4 is seen a small thrombosed artery with many leukocytes in the 
thrombus. The retinal separation in this region is an artifact. 
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the inner and outer portions of the media, i^teries more severely dam- 
aged showed coagulation necrosis of the media and hyalin degeneration. 
This necrotic process involved, in some arteries, the intima and adventitia, 
and in some instances was associated with hemorrhage throughout the entire 
vessel wall. In many of the arteries the necrotic and degenerated areas 
were infiltrated ivith moderately large numbers of neutrophils and Ijunpho- 
cytes and a few plasma cells. ^ In other vessels showing ’ these marked 
changes saccular aiieurysms, measuring from 0.5 to 1 mm., were found, 
some of which had ruptured, giving rise to perivascular hemorrhages. M 
almost constant finding was intimal thickening or occlusion of the lumma 
as a result of intimal proliferation (Fig. 2). In the latter instance it was 
at times impossible to differentiate proliferated intima from recanalized 
thrombi except for the presence of ■ ■’ latter. The 

adventitia of some arteries showed ' ' , ■ ■ and, as pre- 

viously mentioned, was also frequently involved in the degenerative, necro- 
tic and acute infiamatory processes. 

The degenerative and acute inflammatory changes in the walls of some of 
the vessels were associated with the formation of granulation tissue, appar- 
ently replacing the necrotic areas. In such lesions the neutrophilic infiltra- 
tion was less marked. However, in some arteries so involved there_ was 
also evidence of recent medial necrosis, in addition to the granulation tissue 
and intimal proliferation, suggesting acute exacerbations of the process. 

\ - V feature in the histologic examination was the finding of 

; ■ . ■ the areas of granulation tissue in and around the adven- 

titia of the affected vessels. In many of these areas giant cells of the 
Langhans type were seen. The giant cells varied in size and contained 
from 6 to 10 nuclei. These lesions, which resembled granulomata, were 
most numerous in the kidneys and spleen. 

The parenchjroa of the liver and kidneys showed generally various 
stages of epithelial degeneration. Typical infarcts were found wluch w^ere 
infiltrated ivith moderate numbers of neutrophils, lymphocytes and a few 
plasma cells, and surrounded by hemorrhagic zones. The spleen also 
showed areas of infarction. ; 

The heart presented a round-cell infiltration of the myocardium, the 
muscle cells of which showed parenchjnnatous degeneration. Scattered 
throughout the myocardium were small irregular patches of edematous 
connective tissue in which a few necrotic remnants of muscle cells could be 
discerned. There was a moderate to marked degree of intimal prolifera- 
tion in the smaller branches of the coronary arteries. Necrosis as well as 
necrobiqtic changes were found in the media and there was an adventitial 
and periadventitial proliferation of fibroblasts and infiltration of lympho- 
cytes and plasma cells. In the subepicardial fat one of the larger branches • 
^ artery showed a considerable degree of necrosis and round- 

cell infiltration of the media. In one area this necrosis was extreme, with 
thinning of the wall and beginning aneurysm formation. The atrial sur- 
tace of the endocardium of the mitral valve was thickened by edema and 
connective-tissue proliferation and was infiltrated uitli bmiphocytes. The 
small arteries in the valve showed perivascular round-cell infiltration and 
intimal thickening. The vascularity of the valve, however, was consid- 
ered ponnal for a child of this age. Tiie cellular infiltration was most 
proimncnt at the bases of the small nodular excrescences, noted grossly 
lorming an elevated ridge along the closing margin of the valve. These 
e.xcresepces consisted of hyalinized collagenous fibers, with few fibro- 
cyues, inmtrated with moderate numbers of Ijunphocytes and covered by 
a Ja.ver of endothelium. No Aschoff bodies were found in the myocardium 
or valves. 

Tlio intima of the aorta showed slight connective-tissue proliferation. 
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In the media a few scattered light blue staining oval areas of necrosis were 
found. The vasa vasorum in the outer third of the media were increased 
in number and presented a perivascular round-cell infiltration and intimal 
proliferation. The vessels of the adventitia were also thickened, and in 
some places their lumina were obliterated either as the result of intimal 
proliferation or thrombus formation. In some areas the adventitia as 
well as the outer third of the media was infiltrated by lymphocytes and a 
few plasma cells. 

The lungs revealed no pathologic lesions of significance in either the 
parenchyma or vessels. 

Sections of the stomach showed arterial lesions similar to those observed 
in the liver and kidney. The walls of the perforated ulcer showed necrosis 
of the entire thickness of the mucous membrane and were also found to be 
infiltrated with neutrophils, lymphocytes and a few plasma cells. The 
mucous membrane from various other sites showed atrophy, degeneration 
or necrosis of the epithelium. The muscularis appeared edematous and 
showed small areas of degeneration. The serosa was covered with a layer 
of exudate consisting of fibrin and pus cells. 

The duodenum presented an ulcer which extended into the inner portion 
of the submucosa, the outer half of which showed considerable edema. 
An acute inflammato^ reaction was noted in the tissue surrounding the 
ulcer. The muscularis and serosa were congested and edematous and the 
former showed small areas of necrosis. In the subserosal coat a medium- 
sized artery showed degenerative and inflammatory changes and its lumen 
contained a recanaUzed thrombus. Smaller arteries in this region also 
showed changes similar to those first described. 

The pancreas showed nothing of pathologic significance except a moderate 
degree of arterial intimal proliferation, degenerative changes of the media 
and perivascular fibroblastic proliferation. No inflammatory changes were 
found. 

The arteries of the adrenal capsule revealed lesions similar to those 
described in the kidney, liver and spleen. Numerous recanalized thrombi 
were found filling the lumina of many arteries. The collections of sym- 
pathetic ganglion cells showed various stages of degeneration. Focal areas 
of necrosis were noted in the cortex. The medulla also showed scattered 
areas of degeneration and necrosis of its cells. 

The leptomeninges were edematous, moderately congested and infiltrated 
with moderate numbers of Ijmiphocytes and plasma cells (Fig. 3). The 
arteries of the meninges showed degenerative and necrotic changes of the 
media. The ganglion cells of the cerebrum showed a marked degree of 
cloudj’’ swelling, eccentricity of the nuclei, clnomatolysis, or necrosis with 
extrusion of nuclei and a slight degree of satellitosis. Small arteries of 
the brain showed both degenerative and necrotic changes in the media, 
intimal proliferation and perivascular collections consisting of lymphocytes, 
a few plasma cells and an occasional neutrophil. There was a considerable 
degree of edema tliroughout the brain substance. 

The pituitarj’- appeared markedly congested and edematous, and in 
several areas there were small patches of necrosis, presumably infarcts. 
The vessels of the surrounding dura showed intimal thickening and an 
occasional organized thrombus. 

Sections tlirough the margin of the ulcer of the leg showed atrophy and 
necrosis of the epidermis. The corium was edematous and infiltrated with 
round cells. In the floor of the ulcer a medium-sized artery showed a 
moderate degree of intimal proliferation, medial necrosis and acute inflam- 
matorj'^ infiltration throughout its entire thickness. At one point this 
artery was ruptured. The smaller arteries showed rather marked intimal 
proliferation (Fig. 4), degenerative changes in the media and- collections 
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of inflammatory cells in both the media and adventitia. Clumps of bacteria 
were found in the necrotic material lining the ulcer. 

Microscopic examination of eye (Dr, J. A. deVeer); The cornea was 
found to be the seat of a healing ulcer in which there was irregular regenera- 
tion of the surface epithelium, focal destruction of Bowman’s membrane and 
light leukocytic infiltration of the corneal stroma. There was also a sub- 
acute and chronic iridocyclitis, as shown by cellular infiltration of the iris 
and ciliary body mth exudation into the aqueous chambers, and s}mechi« 
between the pupillary portion of the iris and the lens capsule. The lens 
was otherwise normal. 

The most marked changes were seen in the choroid, which also was the 
seat of subacute and chronic inflammation. The vessels here showed 
thickening of their walls with narrowing or complete occlusion of their 
lumina. An occasional artery showed a thickened intima infiltrated with 
neutrophils and lymphocytes. Perivascular mantles of lymphocytes were 
found about many of the vessels. The choroidal stroma was atrophic and 
fibrotic, ivith a light mononuclear and neutrophilic infiltration (Fig. 5). 

The attachment of the retina to the choroid was firmer than usual. 
There were no changes of note in the retinal vessels. The macula was 
edematous and the fovea centralis atrophic. The optic nerve showed mild 
inflammatoiy changes. 

There was also a subacute and chronic episcleritis and orbital cellulitis. 
The arteries and arterioles in these tissues were thickened and in many the 
lumina were narrowed or occluded. 

The eye changes may be summed up as those of subacute and chronic 
uveitis, episcleritis and orbital cellulitis. The vascular lesions were of 
the same order as those in other organs, but nuth less acute degenerative 
and inflammatory features. The ulceration of the cornea may have been 
in part or entirely the result of lagophthalmos. 


Discussion. The term “necrotizing panarteritis” is suggested as 
being descriptive of the lesions in this arterial disease and, therefore, 
preferable to the older designation “periarteritis nodosa.” The 
lesions are not nodose but extend over extensive segments of the 
affected arteries, as may be demonstrated by serial sections. They 
are not purely perivascular in location but involve all the coats of 
the affected arteries as well as the perivascular tissue in an extensive 
necrotizing process. 

The lesions encountered in our case fit well into the classification 
of Arkin,® who divides the disease into a degenerative, an acute 
inflammatory, a granulation tissue and a healed stage. A few of 
the vascular lesions in our case were degenerative, some were 
^^^^^^^iitory, but the majority were of the granulation tissue stage. 

e were unable to find any examples of the healed stage. In some 
instances, apparently because of the rapidity of events and because 
or acute exacerbations of the process, all three stages were found in 
he same artery. It is, therefore, impossible to saj^ which coat was 
he seat of the earliest change. If the presence of a hyalin eosin 
staining band is to be accepted as characteristic of the initial stages 
or the vascular lesion, then this zone wms found in our case to be 
orated chiefly in the media of the vessels. 

The perivascular and adventitial nodules produced by prolifera- 
IV e changes, and containing epithelioid cells, giant cells and round 
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cells, have a striking resemblance to the infectious granulomata. 
Ophiils/ in liis discussion of periarteritis nodosa, refers to these 
lesions as granulomata, and mentions that Aschoff noted their 
resemblance to those found in rheumatic fever. The former author 
stated that giant cells were not found in the nodules but only in 
the media. In our case, however, giant cells were found in both the 
nodules and media. Haining and Kimball,’ in a recently reported 
case of periarteritis nodosa, have noted the occurrence of numerous 
giant cells around the affected arteries in the Iddney. 

The presence of a leptomeningitis in this case is of particular 
interest, since no instances of meningitis primarily due to peri- 
arteritis nodosa have been previously reported. In adults, men- 
ingitis has been mentioned in 2 cases. In 1 of these (Haining and 
Kimball’) the meningitis was due to a complicating pneumococcus 
infection and bore no causal relation to the primary disease. In the 
other (Bennet and Levine®) there were clinical signs of meningitis, 
but these were not supported by anatomic findings. In several 
other cases, 3 in children, although there were clinical manifestations 
of cerebral involvement and meningeal irritation, the lesions found 
at autopsy were hemorrhage into either the brain or the meninges 
from rupture of aneurysms or softening of the brain due to throm- 
bosis. 

The occurrence of a gastric and a duodenal ulcer with perforation 
of the former and a resulting acute peritonitis is also of interest, 
since, in children, no cases Avith these manifestations have been 
reported. 

Ulceration of the skin in children has been reported in only 
2 preHous cases (Debre,*’ Hutinel’®). In these the ulceration 
appeared, respectively, on the tenth and seventh days of the illness. 
In our case the ulceration was extensive, involving the deeper 
portions of corium and superficial fascia with typical periarteritic 
lesions in the base of the ulcer and surrounding tissues.^ The fact 
that the ulceration in this instance was preceded by injury to the 
involved area, with persistent ecchymosis and deep tenderness, gave 
rise to clinical suspicions of underlying bone disease. 

The relationship of this disease to rheumatic fever has been 
suggested by several authors, and most recently by Friedberg and 
Gross,® Avho report the occurrence of periarteritis nodosa associated 
Avith rheumatic fever and rheumatic heart' disease in 4 cases, 2 of 
which were in children. These authors, therefore, suggest rheu- 
matic fever to be “ a common cause of the Avascular lesions, termed 
periarteritis nodosa.” In our case there were lesions on the mitral 
A^alve which Avere interpreted as rheumatic verrucous endocarditis, 
though no Aschoff bodies Avere found. Apparently rheumatic heart 
disease and periarteritis nodosa are not uncommonly associated. 
I^diether or not this is due to causal relationship must be determined 
by further study. 
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Opportunities for histologic examination of the eyes in cases of 
periarteritis nodosa have been rare, and the findings of character- 
istic arterial lesions in this case in both the bulb and orbital tissue 
is of especial interest. 

It is to be noted that there was a paucity of symptoms referable 
to the parenchymatous organs when compared to the widespread 
involvement of these organs, particularly the kidneys. 

Summary. 1. A case of necrotizing panarteritis (periarteritis 
nodosa) in a girl, aged 9, is presented. 

2. The widespread vascular lesions correspond to the degenera- 
tive, inflammatory and granulation tissue stages of this disease, as 
described by Arkin. 

3. A primary subacute leptomeningitis due to periarteritis nodosa 
is described. No other cases of primary meningitis either in chil- 
dren or adults have been reported. 

4. The occurrence of unusual features, such as gastro-intestinal 
ulceration with perforation and peritonitis, ulceration of the skin 
following injury and the occurrence of ocular lesions has been 
briefly discussed. 
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periarteritis nodosa without peripheral nodules 

DIAGNOSED ANTEMORTEM. 

By Alan Bernstein, M.D., 

ASSISTANT IN MEDICINE, JOHNS HOPKINS SCHOOL OF MEDICINE, 
BALTIMORE, MD. 

(From the Medical Clinic, The Johns Hopkins Hospital.) 

Although an uncommon condition, periarteritis nodosa is of 
interest from several aspects. To the clinician, the protean mani- 
lestations of the disease are a challenge to his diagnostic acumen. 
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By virtue of the microscopic resemblance to more frequently en- 
countered conditions such as rheumatic fever and typhus fever, 
periarteritis nodosa appeals to the imagination of the pathologist. 
To both groups the problem of the etiology of this almost inevitably 
fatal disease, is of importance. 

The various clinical types of periarteritis nodosa have been de- 
scribed frequently. Nevertheless, an antemortem diagnosis has 
been excessively rare, and such of these as have been made were 
usually the result of a biopsy performed to establish the suspected 
presence of some other disease such as trichiniasis or dermato- 
myositis. An occasional case has been recognized at operation with 
the finding of nodules in the abdominal cavity, or again, upon micro- 
scopic examination of an excised organ. A correct clinical diagnosis 
has not been made more often either because of too great emphasis 
on a single group of findings to the exclusion of other important 
ones, or else because of the confusion aroused by the multiplicity of 
bizarre symptoms. 

The present report is concerned with a case of periarteritis nodosa 
without peripheral nodules, in which the diagnosis was suspected 
and verified by biopsy of a muscle, before death. This is the first 
instance of such a case thus directly established, that I have been 
able to find in the American or English literature. 

Case Reports. Case 1. — R. S., a white, male mechanic, aged 44 (Unit 
No. 51766), was admitted to this hospital on October 14, 1933, complaining 
of fever, chills and pains in the extremities. His father died at 74 of hyper- 
tension; liis mother at 70 of a stroke. The patient’s general health had 
been excellent. He had had the usual childhood diseases including scarlet 
fever. At 25 he suffered a mild attack of pneumonia. In 1923 there had 
been a traumatic ulcer on the left shin which was slow in healing. In 1931, 
as the result of a fall, he broke several ribs on the left side. _ At the age of 
20 he had contracted a gonorrheal infection. There was no histoiy of prim- 
ary or secondarj’’ syphilis, but 18 j'ears before he had received an inadequate 
course of antiluetic treatment; about 12 injections in all. He had 5 living 
cluldren; his mfe had had no miscarriages. _ His habits were temperate. 
For several 3 'ears he had known of an existing hypertension, the systoUc 
pressure sometimes attaining a level of 220 mm. 

■ In January, 1933, he was first seen in the outpatient department where 
he appeared with the complaint of lumbar pain. He was found to have a 
blood pressure of 212/114 mm., normal temperature, and a pulse rate of 92. 
There was a skin eruption, interpreted as lichen planus, over the body. 
The urine contained a trace of albumin and microscopically, pus cells and 
bacteria. The Wassermann reaction was positive. Roentgen ray showed 
no enlargement of the heart or aorta. He was started promptly on anti- 
luetic treatment consisting of alternating courses of bismuth and neo- 
arsphenamin. To this schedule he adhered until October 1, 1933. 

The patient dated the onset of his present illness to early September, 
1933. Detailed inquiry^, however, elicited more remote relevant facts. 
During the winter of 1930 he had had several transient attacks of numbness 
and blanching of the fingers of both hands, more marked on the left. He 
recalled 3 or 4 attaclcs of amblyopia in tlie left eye of brief duration in the 
sunruner of 1933. On September 7, 1933, he was seized vdth occipital 
aching, pains in the shoulders, wists and lower extremities. There were 
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chills and sweats in the following days, with fever as high as 101 . He 
became weak and lost weight. Just before he was forced to bed, after 3 
weeks of continuous distress, his blood pressure had fallen to 140 mm. 
systolic Following this the pains disappeared but 'weakness progressed 
and he lost about 15 pounds in a few weeks. Bilateral increasing deafness 
now set in. Three days before admission there appeared numbness and 
paresthesias of the right hand followed a day later by similar symptoms of 

the left hand. , i ir.o 

On admission, October 14, 1933, lus temperature was 103.S , pulse 108, 
blood pressure 155/90 mm. He appeared chronically ill. There was con- 
spicuous loss of w'eight. His hearing was impaired by a disturbance of nerve 
conduction. The fundi revealed minimal arteriolar changes. Pupils were 
irregular but reacted promptly to light. Examination of the heart and 
lungs showed no notable abnormalities. Both the liver and the spleen were 
just palpable. Over the hands there were areas of hypes'thesia, involving 
the ventral surfaces of both hands as well as the dorsal surface of the right. 
No motor weakness was made out. Reflexes were normally elicited save for 
the abdominals and cfemasterics. 

The erythrocyte count was 4,340,000; hemoglobin 80%; leukocyte count 
13,300; neutrophils 91%, eosinophils 3%, lymphocytes 6%. The urine 
showed only an occasional white blood cell. A blood culture was sterile 
as were several subsequent ones. The Wassermann reaction was positive. 
A Widal reaction as well as agglutination tests for melitensis and suipestifer 
were entirely negative. From the urine B. coli was cultured. 

During the first 4 days in the hospital the patient’s fever was remittent, 
attaining peaks of 104°. For the next 3 weeks it ranged between 100° and 
102°; tlien for 2 weeks between 99° and 101 °; for the final period it remained 
under 100°. The pulse rate varied between 100 and 120, usually being out 
of proportion to the temperature. His illness at first was characterized by 
drenching sweats. Ten days after admission a right footdrop appeared. 
About the same time it was noted that there was edema of the legs and 
back as well as ascites. He became weaker and continued to lose weight. 
A footdrop appeared on the left side as well as a right VTistdrop’ There 
was tenderness to pressure on the calf muscles and definite atrophy of the 
muscles of the hands. Early in November he began to complain of lower 
abdominal fullness. On November 10 the patient awakened to find that he 
was bliifO in the left eye. The cause for this was found to be an occlusion 
of the central retinal artery. Sensory disturbances in the hands, feet and 
about the right ear persisted. His blood pressure which had dropped as 
low as 138 mm. systolic shortly after admission began slowly to rise once 
more, attaining a level of 228/134 mm. on January 18, 1934. A moderate 
anemia developed, the hemoglobin falling to 70%. The leukocytes main- 
tained a level of 12,000 to 13,000, rising above 14,300 only terminalI3^ 
Eosinophils averaged o% but at one time were as high as 13%. 

The bizarre _ combination of findings— weakness, emaciation, fever, 
peripheral neuritis, abdominal pain, anemia rvith eosinophilia, the retinal 
vascular occlusion, the variable blood pressure— suggested the possibility 
of periarteritis nodosa, even though no nodes were ever discovered along 
the peripheral vessels. A piece of the left gastrocnemius muscle rvas there- 
fore removed on November 22, 1933 for microscopic examination. The 
muscle was found to^ show scattered areas of atrophj'’. The veins were 
normal but the arteries showed a thickening of all coats associated with 
round cell infiltration and fibrosis. No definite thrombi were found although 
the luniina were quite narrowed. About the vessels there was a small 
amount of round-cell infiltration, mostlj' plasma cells with a few eosinophils. 
The media was not remarkablj’ thickened but contained a few round cells. 
The intima showed the greatest relative thickening. A lyalin ring marked 

voi.. IPO, NO. 3. — _sErT>:MiiKn, 1935 12 
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the innermost portion of this coat. This picture was considered to be 
characteristic of periarteritis nodosa (Kgs. 1 and 2). 

In December edema became a_ more conspicuous feature. The patient 
had been receiving potassium iodid for some weeks. This was stopped and 
digitalis was given. By January the patient was reduced to a vegetative 
existence. He could move neither hand nor foot. His mental processes 
were duUed and he took no interest in his surroundings. Incontinence 
developed followed terminally by acute retention. At the end, the non- 
protein nitrogen, previously normal, rose to 90 mg.%. With a final faU 
of blood pressure on January 22, 1934, he died quietly, 4^ months after the 
onset of his acute illness. Autopsy permission was not obtained. 

Additional laboratorj'' studies provided nothing of importance. The 
urine contained traces of albumin, a few red blood cells and casts. The spinal 
fluid was normal on several occasions. An electrocardiogram showed no 
conspicuous abnormalities. The total proteins of the blood at first as 
low as 4.6 gm.%, rose promptty to normal levels with a higher protein 
intake. On admission the phenolsulphonephthalein excretion was 65% in 
2 hours. On the day before death this value had fallen to 22%. 

Discussion. The conspicuous abnormalities encountered in this 
individual were polyneuritis, disturbances of vision and hearing, 
hypertension with evidence from examination of the urine of renal 
disease, fever, tachycardia, edema, anemia \\dth leukocytosis and 
eosinophilia, a positive Wassermann reaction and the systemic mani- 
festations of a chronic wasting illness. Abdominal pain although 
present, was not striking. . _ _ 

Changes in the skin, usually of a hemorrhagic variety, have been 
observed in periarteritis nodosa. Lamb^ refers to a case in w^hich 
there was desquamation of the entire body typical of scarlet fever, 
without, however, any known preceding eruption. Howard^ notes 
the incidence of urticaria and erythemata. Whether or not the 
eruption considered to be lichen planus was related to the primary 
disease in the present case, is, of course, problematical since no 
microscopic examination of the skin was made. 

Polyneuritis is too frequently encountered to merit further atten- 
tion. There has been ample discussion concerning the mechanism 
wdiereby changes in the peripheral nerves are produced. Evidence 
has been offered which indicates that the nerves may be affected 
either by local circulatory disturbances or else by the action of 
toxins in the presence of an intact blood supply.® 

Fever, so conspicuous a symptom here, is almost invariably 
present at some stage in the evolution of periarteritis nodosa. 
Arkin^ has more or less arbitrarily di^^ded the course of the disease 
into four stages. During the first two of these; the degenerative 
and the acute inflammatory, fever is usual. When the processes of 
repair and granulation set in, the patient is afebrile. Tachycardia, 
likevnse, is met with almost constantly. 

In 34 cases ^e^^ewed by Lamb,^ edema w’as observed in 61 %. In 
the instance of the patient under discussion, anasarca, at first 
thought referable to reduced total blood proteins, persisted after 
these had been restored to a normal level. 
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It is reasonable to assume that syphilis had no etiological relation- 
ship to the patient's main illness. The eply course of the disease 
transpired during a period of persistent antiluetic therapy. Although 
cases of periarteritis nodosa associated with a positive Wassermann 
reaction have been recorded, the incidence of such is no higher than 
in any other group of individuals. In a case reported by Graj^® the 
lesions of sypliilis and periarteritis nodosa were exhibited side by 
side. The aorta as well as the small cerebral arteries showed char- 
acteristic luetic changes of considerable duration; while the arteries 
of the heart, liver, kidneys, adrenals, pancreas and lungs contained 
fresher lesions of a different sort, which were tjTiical of periarteritis 
nodosa. 

No organ is involved in this disease more frequently than the 
kidney. In-75% of 108 cases analyzed by Gruber® renal changes 
were encountered. As a consequence, therefore, abnormal urinary 
constituents are the rule. Keegan^ had the opportunity to watch 
the progression of a vascular neplxritis in a patient upon whom a 
nephrectomy had been performed 2 months before the illness ter- 
minated in uremia. Changes in the kidney removed at operation 
corresponded to an acute periarteritis nodosa', whereas those in the 
companion kidney at autopsy, indicated a vascular nephritis. 
From these observations Keegan concluded that certain instances of 
clironic arteriolosclerotic nephritis may be the sequelae of an original 
periarteritis nodosa. 

There was a mild secondary anemia with leukocytosis in the 
present case. In the more chronic forms of the disease anemia may 
become striking while a leukocyte count as high as 66,000 has been 
recorded (Lamb). Under ordinary circumstances the leukocytes 
range between 15,000 and 30,000. 

Eosinophilia is encountered in less than 20% of the cases. In all 
likelihood the eosinophilia is a response to the destruction of the 
individual’s tissues. Pathologically the same phenomenon is seen 
when there is infiltration about the diseased arteries by eosinophils. 
Certain cases have shown excessively high eosinophil counts up to 
/'9% (Strong,® Curtis and Coffey®). The eosinophilia has aroused 
the suspicion of a parasitic etiology of periarteritis nodosa especially 
because of the fact that a disease caused by parasites, bearing certain 
resemblances to it, occurs in horses and dogs. In the human dis- 
ease, however, parasites have never been identified. 

Hypertension has been recorded in the majority of instances 
where the blood pressure was measured. Thus, the blood pressure 
was elevated in 5 out of 8 children with periarteritis nodosa included 
in the series collected by Rotlistein and Welt;*® while similar findings 
were encountered in^ 6 out of 7 of Strong’s group. In our patient 
there were wide oscillations of the blood pressure, a phenomenon 
which ajipears to be of some diagnostic worth, for it was this observa- 
tion which first suggested the diagnosis of periarteritis nodosa. 
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Over 4 years before, a man who at autopsy was found to have suffered 
from this disease died at this hospital. His clinical course had been 
most puzzling so that no satisfactory conclusions concerning the 
diagnosis were reached during life. It was a recollection of certain 
features of this man’s illness that led to the first suspicion of the 
underlj-ing disease in the present case. For this reason the history 
of the earlier case will be briefly re\dewed. 

Case 2. — L. M., a Louisana lumberman of 56 (Unit No. 22019), was 
admitted to the hospital on December 1, 1928. In the spring of 1927 he 
had had mumps with testicular involvement. A year later he was treated 
for prostatitis. In August, 1928, a fever of obscure ori^ appeared and it was 
for this reason that he wns finally admitted to the hospital. At that time 
the important physical findings were: loss of weight, slow mental responses, 
intention tremor of the hands vdth fibrillary twitchings, hyperactive 
reflex^ and weakness of the extensors of the left foot. At first there was 
slight improvement although he continued to run a low grade fever. How- 
ever, in Januarj', 1929, a new group of findings appeared vdth nausea, 
vomiting and abdominal distention, increasing drowsiness, wandering 
delirium, increased rigidity of the peripheral vessels, rapidty progressive 
retinal arteriosclerosis with hemorrhagic retinitis and extensive exndates 
ending in almost total blindness, leukocytosis up to 26,700, anemia, and 
albmninuria. After developing pneumonia, he died on April 8, 1929. 
Blood pressure on admission was 150/85 mm. This soon dropped to 118/90 
mm. but once again started to increase. Late in January it was 168/84 nun. : 
a month later 205/110 mm. Subsequently a level of 220/125 mm. was 
attained. At autopsy, the spleen was found to be enlarged. There were 
small nodules along the cerebral arteries. Microscopically, were encountered 
characteristic lesions of periarteritis nodosa invoking the arteries of the 
heart', pancreas, brain, kidneys and muscles. 

It wms the similarity between the rapid progression of hyperten- 
sion in the 2 cases, with initial elevation of pressure followed by a 
temporary decline and once again steady increase, that first called 
to mind the possibility of periarteritis nodosa explaining the symp- 
toms of the recent case. 

More detailed mention of ocular symptoms wdll be made, since 
they provided such a dramatic incident in the course of the disease 
in the patient under discussion. Visual disturbances were noted 
in .3 of the cases analyzed by Lamb. The first indiHdual reported 
by Bennett and Levine” suffered progressive loss of Hsion which 
w'as compatible with the advanced vascular retinitis which existed. 
The young girl studied by Goldstein and WexleU= proHded no 
clinical emdence of Hsual affliction. Pathologically, however, 
ocular arterial changes were discovered confined to the choroidal 
vessels. Friedenwald and Rones'* examined the eyes from Case 2 
with similar results. Here, likewise, inflammators' changes of peri- 
arteritis nodosa were limited to the ciliary and choroidal vessels 
wliile the retina showed extreme arteriolar sclerosis and albumin- 
uric retinitis. These authors speculate as to the relation between 
the two ty-pes of vascular changes but conclude that final judgment 
must be suspended. Certain it is, nevertheless, that albuminuric 
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retinitis appears in the absence of periarteritic involvement of the, 
retinal arteries. In support of the thesis that periarteritis nodosa 
is an allergic response to various infections, Helpern and Trubek^^ 
offer the instance of a man who succumbed to a gonococcal endo- 
carditis and subacute glomerular nephritis, who in addition was 
found to have isolated lesions suggestive of periarteritis nodosa in 
the arteries of the testis and choroid. Here, again, the retinal 
vessels were entirely uninvolved. In Case 1 there was occlusion 
of a central retinal artery while the smaller retinal vessels showed 
only minimal constriction in caliber. No other example of throm- 
bosis of the central retinal artery in periarteritis nodosa has been 
reported and only a single author, Muller, has described retinal vas- 
cular changes of any sort. 

Deafness in periarteritis nodosa is uncommon . Aside from Case 1 , 
no mention of this symptom has been encountered. Druss and 
Maybaum^® discovered acute periarteritic changes in arteries of 
the temporal bone of a patient dying of the disease. In addition, 
there were several patches of otosclerosis unassociated with any 
vascular abnormalities. Clinically there had been no gross disturb- 
ance of hearing. In our case the otitic involvement- was of the nerve 
type. One can only surmise that the auditory nerves may be 
attacked in periarteritis nodosa in a similar manner to the peripheral 
nerves. 

Admittedly periarteritis nodosa is a rare disease. The clinical 
files of this hospital disclosed in addition to the 2 cases already re- 
called, only 1 other example of the condition. 

Case 3. — J. M. (Medical No. 54035) admitted to this hospital September 
10, 1925, was a man of 23 upon whom an exploratory laparotomy was per- 
fornied after several weeks of an illness characterized by fever, abdominal 
pain and eosinophilia. At operation small yellowish nodules along the 
gastric vessels and over the surfaces of the liver and spleen were disclosed. 
Microscopic examination proved the lesions to be periarteritic nodules. 

It has repeatedly been suggested that the rarity of the ailment 
is partly attributable to the obvious difficulties in diagnosis. While 
this argument may have some clinical validity, it is unlikely that 
at autopsy the microscopic examination would fail to reveal the 
unmistakable characteristics of periarteritis nodosa. Nevertheless, 
4 more instances of the disease were brought to light after a search 
through the pathologic records of over 13,000 autopsies. All 4 of 
these had, during life, masqueraded under the guise of cardiovascular 
renal disease; 2 dying in uremia, 1 of a cerebral hemorrhage, and 1 
succumbing to myocardial failure. In only 2 cases had the pathol- 
ogist ventured a suggestion of periarteritis nodosa, but a review of 
the sections with this disease in mind, left little doubt that all 4 
represented this condition. 

One other factor should be mentioned in relation to the infre- 
quency of diagnosis of periarteritis nodosa, namely, that in a small 
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group of indi\'iduals the disease is not fatal. According to the 
statistics of Gruber® from 10 to 12% of the cases recover. This 
opinion is borne out by evidence offered, by certain of the fatal 
cases, wherein old healed lesions in some of the viscera may be 
found in a person dying of involvement of a single organ in which 
the disease was progressive. For example, Arkin"* records the in- 
stance of an indhddual whose death was attributable to cardiac and 
renal failure, while scarred areas produced by old periarteritic 
lesions were present in various other organs. It is conceivable that 
under certain circumstances all the lesions may heal so that for all 
practical purposes the patient is well, without the disease at the 
basis of his trouble ever having been recognized. 

Conclusions. A fatal case of periarteritis nodosa without periph- 
eral nodules, suspected and proved by biopsy antemortem, is 
recorded. The patient’s illness was characterized by weakness, 
emaciation, fever, peripheral neuritis, abdominal pain, edema, occlu- 
sion of a central retinal artery, deafness, vacillating hj'pertension, 
tachycardia, anemia with leukocjffosis and eosinophilia, and changes 
in the urine. The Wassermann reaction was positive. Potassium 
iodid failed to arrest the progressive course of the disease. 

hlention is made of 6 other cases of periarteritis 'nodosa in the 
files of this hospital. One of these was diagnosed at autopsy ; a 
second at laparotomy. The last 4 were recognized by searching 
through the autopsy material of the department of pathology. 

The significance of some of the symptoms and signs encountered 
in periarteritis nodosa is appraised. Reasons are offered to indi- 
cate that the disease may not be quite as uncommon as the paucity 
of recognized cases would lead one to believe. 
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THE MECHANISM OF DECREASE OF GASTRIC SECRETION 
WITH ADVANCING YEARS. 

By Arthur L. Bloomfield, M.D., 

PROFESSOR OF MEDICINE, STANFORD UNIVERSITY SCHOOL OF MEDICINE, 

'SAN FRANCISCO, CALIF. 

(From the Department of Medicine, Stanford University Medical School.) 


While it lias been known for a long time that gastric anacidity 
occurs much more frequently in old than in young people,^ Bloom- 
field and Keefer, 2 in 1928, were the first to demonstrate the steady 
drop in acidity which takes place ivith advancing years. Polland 
and Bloomfield® subsequently confirmed this finding with carefully 
standardized histamin tests on essentially normal people. Vanzant 
and her colleagues,^ analyzing a large mass of material, showed in 
addition that there ivas a difference between the two sexes, men 
on the whole having a more higlily acid gastric juice than women. 
Finally the definitive studies of Polland® using histamin took into 
account not only age and sex but volume of secretion as well as 
acidity. The upshot of all this work is that the following points are 
established. 

1. There is a marked fall in average gastric acidity of men with 
advancing years and the curve is a straight line. 

2. The average gastric acidity of young women is distinctly 
lower than that of young men, but the fall with advancing years is 
very slight. 

3. The average volume of secretion both of men and of women 
falls markedly with advancing years, and the curve is a straight 
line. 

These phenomena could be explained theoretically in various 
ways, hirst, the average fall in acidity and volume of secretion 
with advancing years might be due to a gradual decline in each 
indiA'idual. On the other hand, it is conceivable that some people 
maintain their level of secretion unchanged throughout life whereas 
others sufter a very marked diminution; the curves based on average 
values could be the result of these two forces. And finally there 
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might be combinations of the two extremes. To settle this question 
it is necessary to measure the gastric secretion of the same series 
of people over intervals of years to find out what happens in the 
indi\’idual; the present observations represent a partial attempt 
to solve the problem along these lines. One can predict however 
on the basis of established data that the general defection of secre- 
tion with advancing years will not turn out to be due to a gradual 
fall in all people, because even in the older age periods a number 
of individuals are found who preserve a maximal secretion. Inas- 
much as this secretion is still maximal it is clear that there can have 
been no drop from an earlier higher level. Detailed figures on this 
point may be found in Tolland’s paper.^ 

The rapidly increasing incidence of anacidity with advancing 
years also seems out of accord with gradual drop in secretion of the 
whole population. 

Methods. Our plan was to repeat after a long inten^al the standard 
histamin test** on a series of indi\dduals under as nearly identical conditions 
as possible. WTile we had many original observations, it was surprisingly 
difficult to arrange for the repetitions after a period of 5 or more years. 
Some of the subjects could not be located, others were unable or unwilling 
to return and still others presented themselves_ but declined to have the 
test. Consequently we have only 6 observations, but the information 
yielded seems of value. 

All the tests were carried out by the same observer under as nearly con- 
stant conditions as possible. On both occasions the patient was in bed in 
the hospital overnight and conditions were as nearly basal as possible. 
Exactb’’ the same dose of histamin was given. 

In order to interpret the tests repeated after long intervals the 
error inherent in the method, that is to say, the amount of variation 
to be expected between tests done at brief intervals, must be known. 
We have many observations which show that if the examinations 
are made under standard conditions on normal people practically 
identical results are obtained after intervals of a few "weeks or a 
few months. The following example will suffice 

E. hi., a healthy physician, aged 28, was examined on November 
1, 1928, and again on December 6, 1928. The tests are shown in 
Table 1. The results agree closely. The volume of juice is slightly 
greater on the first test and the acidity is slightly higher on the 
second test. In neither case is the variation over 10%, an ex^peri- 
mental error which could hardly be low'er with a method of this 
sort. 

^Wien the histamin test is repeated immediately or within a few 
days the second examination may yield slightly higher values both 
for volume and acidity." The exact exT^lanation is not clear. 

Result.s. The results of the histamin test repeated after inter- 
vals of 5 years or more in 6 subjects are shown in the following proto- 
cols (Tables 2 to 7). 
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Table 1.~Histamin Test Repeated After Interval or a Few Weeks on a 

Normal Man. 


November 1, 1928. 


10-minute period 

Volume of secretion 

per 10-minute period Free ilUl. 

Total acid. 

number. 


(cc.). 

Histamin 0.6 mg. 

78 

1 


47 

70 

2 


48 

88 

96 

3 


43 

98 

loe 

4 


42 

84 

92 

5 


28 

84 

93 


Total 

208 

December 6, 1928. 





Histamin 0.6 mg. 

79 

1 


42 

70 

2 


45 

84 

94 

3 


44 

95 

102 

4 


35 

105 

114 

5 


25 

102 

112 


Total 

191 




Table 2. — Histamin Tests Done November 11, 1927, and January 17, 1935. 
Interval 7 Years. (Case 18. Male, aged 42— Neurosis.) 


lO-minuto 

period 

number. 

Volume of secretion 
per 10-minute period 

Free HCl. 

Total acid. 

Test 1. 

Test 2. 

Test 1. 

Test 2. 

Test 1. 

Test 2. 




Histamin 0.8 mg. 




1 

21 

15.5 

96 

74 

110 

92 

2 

25 

20.5 

132 

120 

138 

136 

3 

28 

24 

144 

123 

150 

139 

4 

25 

18.5 

138 

120 

145 

135 

5 

18 

15 

138 

115 

144 

128 

Total 

117 cc. 

93.5 cc. 





Comment. Here there was a moderate but definite drop in the 
total volume of secretion amounting to 20%. The highest 10- 
minute volumes on first and second tests were 28 cc. and 24 cc. 
Acidity on the second test was slightly less than on the first, but 
hardly more than can be accounted for by experimental variation. 

Conclusion. Definite decrease in amount of secretion; slight (?) 
decrease in acidity. 


Table 3.— Histamin Tests Done April 12, 1928, and February 9, 1934. 
Interval Nearly C Years. (Case 44. Male, aged 20— No Disease.) 


10-minutc 

period 

Volume of secretion 
per 10-minutc period 

(ecA. 

Free HCI. 

Total acid. 

number. 

Test 1. 

Test 2. 

Test 1. 

Test 2. 

Test 1. 

Test 2 '. 

1 

16 

31 

Histamin 0.5 mg. 
65 

95 

77 

105 

o 

20 

35 

100 

108 

110 

120 

3 

26 

33 

135 

112 

145 

122 

4 

1C 

20 

130 

116 

140 

126 

5 

10 

14 

IIS 

90 

125 

102 

Total 

SS cc. 

139 cc. 
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Comment Tliis case is of interest since the volume of secretion 
was definitely higher on the second test both as to total quantity in 
50 minutes and as to greatest amount, in a 10-minute period. The 
acidity on the other hand was distinct^ lower. 

Table 4.— Histamin Tests Done May 14, 1928, and September 28, 1933. 
Interval 5| Years. (Case 46. Male, aged 27— No Disease.) 

Volume of secretion 
per 10-minutc period 

10-minute ^ FrceHCI. Total acid. 


period 

number. 

(cc.). 

Test 1. 

Test 2. 

Teat 1. 

Teat 2. 

Test 1. 

Test 2 ) 




Histamin 0.6 mg. 




1 

10 

15 

85 

116 

98 

131 

2 

39 

36 

114 

134 

120 

144 

3 

32 

40 

126 

140 

136 

161 

4 

29 

35 

128 

136 

138 

150 

5 

24 

24 

128 

138 

132 

150 

Total 

134 cc. 

ISO cc. 






Comment. The highest acidity attained after histamin was 
slightly higher in the second test. The difl’erence is not definitelj'' 
outside the limit of error. The total quantity of juice in 50 minutes 
is also slightly higher (a difference of 16%) although the highest 
volume for anj'- one period was the same in the two tests (39 cc. and 
40 cc.). 

Conclusion. Very slight increase in gastric secretion (both 
volume and acid) on second test of doubtful significance. 

Table 5. — Histamin Test-s Done October 14, 1928, and October 5, 1933. 

Interval 5 Years. (Case 00. Male, aged 41 — No Disease.) 



Volume of secretion 
ner lO-rninutc period 





10-minute 

period 

number. 

(cc.). 

Teat 1. 

, 

Free HCl. 

total aciu. 

Test 2. 

Test I. 

Histamin 0.5 mg. 

Test 2. 

Test 1. 

Test 2. 

1 

15.5 

4 

42 

34 

55 

45 

2 

27 

7 

96 

96 

103 

■108 

3 

27 

17 

105 

96 

111- 

108 

4 

19 

14 

100 

100 

107 

112 

5 

S 

11 

88 

55 

98 

60 


Total 9G.5cc. . 53 ec. 


Table 6.— Histamin Tests Done January S, 1928, and October 26, 1933. 
Interval Nearly 5 Years. (Case 74. Male, aged 39— Duodenal Ulcer.) 


10-minut 


Volume of secretion 
per 10-minutc period 


Free HCl. 


Total acid. 


period 

number. 

(cc.). 

Test 1. 

Test 2. 

Test 1, 

Test 2 '. 

Test 1. 

Teat 2, 

1 

83 

55 

Hist.amin 0.05 mg. 
76 

108 

84 

115 

0 

84 

82 

132 

116 

130 

12 s 

3 

74 

74 

140 

127 

146 

138 

4 

55 

63 

128 

118 

134 

129 

5 

53 

48 

124 

100 

132 

118 

Total 

348 cc. 

322 cc. 





Comment. Tlie acidity was practically identical on the two 
tests, the highest values being 111 aud 112. There was, liowever, a 
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marked drop in volume of secretion in the second test amounting to 

Conclusion. Marked drop in volume of secretion without 

change in acidity. • i. j 

Comment. This case is of special interest since the patient had 
the highest volume of gastric secretion we have ever encountered 
in many hundreds of tests. The results both as to acid and volume 
are practically identical on the two tests. The slightly lower 
figures on the second test are well within limit of error. 


Table 7. — Histamin Tests Done September 20, 1927, and September 21, 1933. 
Interval 6 Years. (Case S. Male, aged 45 — No Disease.) 


10-minute 


Volume of secretion 
per 10-minute period 


Free HCl. 


Total acid. 


period 

(cc.). 


^ . ^ 



— ' s 

number. 

Test 1. 

Test 2. 

Test 1. 

Test 2. 

Test 1. 

Test 2. 



Histamin 0,8 mg. 




1 

17.5 

14 

56 

42 

74 

54 

2 

24 

19 

84 

75 

90 

94 

3 

25 

, 23 

SS 

92 

96 

112 

4 

25.5 

22 

96 

104 

106 

120 

5 

23.5 

19 

102 

97 

114 

116 

6 

IS 

12 

88 

94 

100 

112 

Total 

133.5 cc. 

109 cc. 






Comment. The highest acidity after histamin in both tests was 
practically the same, the difference between 1 14 and 120 being within ■ 
the limits of error. The volume of secretion in an hour is definitely 
less on the second test (a decrease of 18%), although the maximum 
output in a 10-minute period is practically the same (25.5 cc. and 
23 cc.). 

The striking fact revealed by these protocols is the slight differ- 
ences in secretion between first and second tests. In all of our work 
on normal standards and comparative values for secretion in differ- 
ent people we have taken the highest acidity reached at any time 
during the test and the largest volume of secretion for any one 
10-minute period as indicating the supreme secretory ability of 
that particular stomach under standard conditions of stimulation. 
Tliese values, taken from the present series, are herewith tabulated 
(Table 8). 


Table 8.— Highest Acidity and Volumes Obtained in C Cases. 
Higlicst total acidity 


Case / 

attained during 


of secretion (cc.) in 


No. 

Test 1. 

Test 2. 

Difference. 

Test 1, 

Test 2. ' 

DifTercnce. 

IS 

150 

139 

-11 

28 

24 

-4 

44 

145 

126 

-19 

2G 

35 

4-9 

•16 

138 

151 

-fl3 

39 

40 

4-1 

60 

111 

112 

+1 

27 

17 

-10 

74 

146 

138 

-8 

84 

82 

—2 

s 

114 

120 

-fO 

25.5 

23 

-1.5 

Avcr.ugo 

134 

131 

-3 

38 

36 

—2 


By these criteria no significant difference is made out between 
the finst aud second sets of tests, although there is perhaps a slight 
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tendency to lessening of acidity and volume. One must look else- 
where, then, for the explanation of the general fact that gastric 
secretion decreases with advancing years. The answer we believe 
lies in certain cases in which there is -a very rapid deterioration of 
secretion and we are able to report 2 instances of this sort. 

Case Abstracts. Case 1. — R. N. (No. 162263), a 33-year-old teamster, 
was first seen in 1927 vith the complaint of abdominal pain. Roentgen-ray 
showed a penetrating ulcer on the lesser curvature of the stomach. On 
April 19, 1927, even with the w'eak stimulus of an Ewald meal the free 
HCl w^as 48 and the total acid was 61. These findings ivere confirmed 
with an alcohol test meal. In June, 1927, he felt better after Sippy treat- 
ment, but Roentgen ray stiU showed the ulcer crater. He disappeared 
until November, 1934, wiien he returned with complaint of poor appetite 
and vomiting for a year. Reontgen ray no longer show^ed ulcer but the his- 
tamin test jielded no free HCl. He had used alcohol freely and the question 
of gastritis as a cause for the disappearance of acid was raised. 

Case 2. — J. D. (No. 187818), a 57-year-old photographer, w'as first 
seen in 1929 complaining of abdominal discomfort. Roentgen rays show^ed 
a penetrating gastric ulcer with pyloric obstruction. Histamin test on 
May 5, 1929, show'ed free HCl 88, total 98, highest volume per 10-minute 
period 41 cc. The ulcer wns excised and a gastro-enterostomy w'as done. 
No large area of stomach was removed, the specimen being only a little 
over 1 cm. in diameter. It showed a benign gastric ulcer. On December 
17, 1929, patient w'as well and a second histamin test showed free HCl 34 
and total 44. He returned in September, 1933, with no stomach complaints 
but ivith intermittent claudication. Histamin test September 9, 1933, 
showed free HCl 0 and total 12, with maximum 10-minute volume 17 cc. 
The test was satisfactory and there w'as no regurgitation of bile into the 
stomach. 

While these 2 patients w'ere not really normal, they illustrate the 
fact that rapid deterioration of gastric secretion may actually 
take place. 

Discussion. These observations show that there is no uniform 
steady decline of gastric secretion in all people wdth advancing 
years. In some the level of secretion remains essentially unchanged 
over long periods, in certain people there is a slight drop or even a 
slight increase and in still others a rapid failure of secretion leads 
to gastric anacidity. The results of these various influences gives 
the smooth curve of average deterioration. So far it has not been 
possible to correlate the course of events in the individual ivith any 
special clinical phenomena. 
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CARCINOMA OF THE BREAST IN ONE OF HOMOLOGOUS TWIN 

SISTERS. 

By Ira I. Kaplan, B.Sc., M.D., 

DIRECTOR, DIVISION OP CANCER, DEPARTMENT OP HOSPITALS; DIRECTOR, RADIATION 
THERAPY DEPARTMENT, BELLEVUE HOSPITAL, NEW YORK CITY. 


Whether all malignancies in twins occur simultaneously in both 
is still a moot question. Bauer’s^ theory is that the constitutional 
tendency to cancer is based on the effect of predisposing genetic 
factors, and if this is correct, he states, then unicellular twins— that 
is, indudduals.of identical constitution, for they have grown from' 
the same impregnated ovum— must both suffer from tumor or 
cancer, with great frequency. 

According to McFarland and Meade,’^ since homologous twins 
arise from a single egg and consist of approximately equal quanti- 
ties of material normally destined to produce a single individual, 
but which through some circumstances of early separation, produced 
two individuals, they closely resemble each other in every particular. 
These authors state there are no reported cases in which one homol- 
ogous twin suffered from a tumor without its fellow being similarly 
affected. So that if one twin has cancer the other twin must neces- 
sarily have cancer too. Moreover, McFarland and Meade state 
such tumors occurring in homologous twins should be similar, sym- 
metrical and simultaneous, and they quote a report of Burkhard’s 
describing a case of cancer of the breast occurring in twin sisters 
at the same time. 

Because of these statements, I consider it of interest to report a 
case that has been under my care during the past 2 years, where one 
twin sister had a cancer of the left breast, while the other had no 
evidence, either visible or palpable, of malignancy either in her 
breasts or elsewhere. This is the first case of malignancy in twins 
I have personalty had to take care of in my practice. 

McFarland and Meade state that twin cancer observations require 
that both twins shall have lived long enough to develop the disease 
and shall have lived near enough together for each to know about 
the other and for each to be studied in comparison with the other 
by the same observer. 

The twins under consideration have lived together all their lives, 
53 years, both are unmarried, both seemingly have a similar form 
and structure, act in similar manner in their daity habits. Both 
have for many years been under medical observation and under 
my care since January, 1933, a period of over 2 years. On February 

affected by cancer was again carefully exam- 
ined by me and no cancerous development discovered during a 
period of 2 years under my observation. McFarland states in a 
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personal communication that one should observe these cases for 
several years. More than 2 years should have shown malignant 
development in the second twin if it were destined to appear. A 
report of the other twin follows:* 

Case Abstract. N. S., single, aged 51, was referred to me by the late 
Dr. Phil Graussman on January 20, 1933, for irradiation following a radical 
mastectomy for left breast mali^ancy, first noted in September, 1932, and 
operation performed^ the following month. The patient had always been 
well except for occasional colds, and an appendectomy in 1922. Her men- 
straal history was normal and without noticeable effect on her breasts; 
she had never been married. She and her sister dressed and acted alike 
and enjoyed the same kind of social and recreational activities. 

In September, 1932, the patient noticed a lump in the upper quadrant 
of her left breast and went to her physician who advised immediate opera- 
tion. Kadical removal of the breast was carried out during the first week 
in October. The pathologic examination of the tumor showed it to be 
adenocarcinoma. Following an uneventful recovery from the operation, 
she was referred to me for postoperative irradiation. The tmn sister 
examined at this time, showed no abnormalities except moderate deafness 
which had followed an attack of scarlet fever in childhood. This twin is 
somewhat stouter than the sister with cancer. Both sisters have wartlike 
papillomata on the neck. 

The patient remained well until September, 1934, when a small recurrence 
at the site of the previous operation scar on the left breast was noted. A 
local resection of the recurrent malignant tissue was carried out and the 
patient referred for further Roentgen ray therapy. Because of the possi- 
bility of malignancy occurring in both twins, as suggested by McFarland 
and Meade, both sisters were again examined by me on February 11, 1935. 
They were found to be in good general condition, although both were 
simultaneously going through early evidences of menopause change. The 
patient whose breast had been removed showed no visible or palpable 
evidence of recurrence or extension of the malignant process and gave no 
sjuuptoms of its presence anywhere in the body. The examination of the 
other sister gave no e\idence whatsoeA'er indicating the presence of cancer 
in her breasts or elsewhere. 

It appears that here is a case which obviously is contradictory to 
the definite pronouncement by McFarland and Meade, and by 
Bauer, that cancer in homologous twins must necessarily be simul- 
taneous. More than 2 years have elapsed since cancer appeared 
in the one sister, a sufficient time for cancer to have developed in 
her twin if it were to occur at all. The twins will be observed from 
time to time and any appearance of malignancy in the second twin 
will be reported, 

* Since writing this paper the twins were again seen by me on May 29, 1935, and 
the second tain is still without signs of malignancy. 
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The neurologist, confronted with the signs and symptoms of 
increased intracranial pressure and choked discs, must always give 
precedence to brain tumor as being the most likely possibility. 
Experience has shown convincingly that, though there are of course 
other causes, tumor is far and away the most common reason for 
increased pressure within the skull. One cannot emphasize too 
strongly, therefore, the necessity for giving it the weightiest con- 
sideration in determining the cause of choked disc and of increased 
intracranial pressure. 

There are other causes of choked disc, however, and among the 
less frequent of these is sjqphilis of the nervous system. Recent 
experience with 5 cases of central nervous system syphilis has 
convinced us that choked disc may occur in the course of the disease, 
that it may disappear completely during the course of antisyphilitic 
treatment, and with it other signs of increased intracranial pressure. 
That sjqihilis of the nervous system may be present with brain tumor . 
is well known, for among 22 meningeal fibroblastomas of the frontal 
lobes, Frazier and Alpers^ found 3 with serologic evidence of central 
nervous system sjqihilis. 

We attach little significance to positive serologic reactions in 
suspected cases of brain tumor. We agree with Frazier, who in a‘ 
differentiation of frontal lobe fibroblastoma and syphilis, says, “In 
3 of onr cases- serologic tests were positive, one with 20 cells and a 
colloidal gold curve of 554443210 in the spinal fluid. But in all 3 
cases there were signs of increased intracranial pressure with papille- 
dema of 2, 3.5 and 5 diopters. We realized, of course, that papille- 
dema was not inconsistent with a diagnosis of syphilis, but the 
otliCT^ signs of tumor were sufficiently outstanding to outweigh the 
positive serologic reactions. As a fact, it has been our practice to 
attach little importance to positive Wassermann reactions, either 
of the blood or of the spinal fluid, in persons thought to have tumors 
of the brain, except when the signs of tvinor are vague. (Italics 
ours.) Yfiien there is indisputable evidence of a mass lesion, even 
though serologic tests are positive, an exploratory operation is indi- 
cated. In attaching little importance to positive serologic reports 



334 


ALPERS, TASKIN: 


we have been influenced in part by our experience of 30 odd j^ears 
in the Neurosurgical Clinic of the University Hospital, during which 
time only 1 gumma has been exposed on the operating table.” 

This had always been our view, and is in fact the view we hold 
today. That syphilis of the nervous system may of itself cause 
choked disc has been abundantly demonstrated to us, however, 
in the following 5 cases which we have studied in the past year. Its 
differentiation from tumor will be considered subsequently. 

Report of Cases. Case 1. — Severe headaches, diminution of vision, loss 
of hearing in left ear. Bilateral choked discs, -partial left ocidomotor weakness, 
deafness left ear. Blood and spinal fluid strongly positive. Complete recession 
of subjective symptoms gnd choked disc under antisyphilitic treatment. 

M. B. (D 1246) a colored woman, aged 32, was admitted to the Philadel- 
phia General Hospital, January 26, 1934. She complained of pain in the 
shoulders and deafness in the left ear. She had been well until September, 
1933, about 4 months before admission, when she contracted a severe head 
cold with much nasal discharge and profuse lachrymation. This cold lasted 
for 4 weeks, despite treatment. It was followed immediately by a severe 
constant frontal headache described as a deep, boring pain over the eyes. 
The headache was so severe that she was forced to give up her work; often 
it aroused her during the night. It lasted for 1 month’ and disappeared 
spontaneously. Shortly after this her right shoulder began to ache severely 
followed 1 month later by severe pain in the left shoulder. About a month 
before admission to the hospital she noticed that^ier vision was becoming 
dim and at times she saw double. Simultaneous!}'’, she began to develop 
deafness in the left ear. This progressed up to the time of admission. The 
only significant features in her past history were 3 children stDlbom at term 
and the loss of 20 pounds in weight since the onset of her illness. 

Examination was negative except for the neurologic features. IVhen 
first examined, January 29, 1934, she had sluggish and unequal pupils, the 
left being the larger. The left palpebral fissure was slightly smaller and 
there was questionable impairment of do’wnward movement of the left 
eyeball. There was decreased air conduction in the left ear. The right 
corner of the mouth drooped slightly at rest, but moved well on voluntary 
inneiA'ation. 

Blien examined 5 days later the condition gave e’vidence of having prog- 
ressed in the meantime. There was now a decided ptosis of the left eyelid, 
weakness of the left superior rectus, more marked deafness of the left ear 
and bilateral weakness of the soft palate. The tendon reflexes were slightly 
more active on the right side but there were no findings othennse in the 
extremities. 

Laboratory Studies. The blood Wassermann reaction was 4-1-. Spinal 
fluid (Januar}- 29, 1934) showed a pressure of 22 mm. of mercur}', 87 lympho- 
cytes, a trace of globulin, a 4-f Wassermann, and a gold sol. of 4544444321. 
A later spinal fluid (Februar}' 19, 1934) contained 35 lymphocytes. ' 

The urine was normal in all respects. The blood sugar was 124; blood 
urea 14; red blood cell count 4,200,000; hemoglobin 85%; leukocyte count 
5400 and 63% l}'mphoc}'te3. 

Bdrdny examination revealed no eHdence of a cerebellopontile lesion 
and pomted to a supratentorial lesion. 

Roentgen ray of the skull revealed no signs of increased intracranial 
pressure. The sella turcica was normal. 

Eye Examinations. The eyes on admission (February 1, 1934) showed 
a choking of 5 diopters in each eye. Thirteen days later (Februar}' 14, 1934) 
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after antisyphilitic treatment had been under way, there were 2 diopters of 
swelling in the right eye and 4 iu the left. One week later (February 21, 
1934) shortly before discharge, there was no swelling in either eye. 

Course. The patient was given intensive antisjTJhilitic treatment. She 
received 20 inunctions of mercury, 4 injections of bismuth intramuscularly 
and ascending doses of potassium iodid by mouth. She showed almost 
immediate subjective improvement. Her hearing increased and shortly 
before discharge became practically normal. The pain in the shoulders and 
neck disappeared. She left the hospital against ad\dce free of her sjmiptoms 
and neurologic signs. 

The following case illustrates the need for surgical intervention 
in patients who do not respond to antisj^ihilitic treatment alone. 

Case 2.— Severe frontal headaches and progressive loss of vision for 6 
months. Progressive loss of hearing for 2 moiiths. Bilateral choked disc. 
Roentgen rag evidence of left parasellar lesion. Arachnoiditis of optic chiasm 
exposed at operation. Recovery. 

J. G., a colored man, aged 44, was admitted to. the Graduate Hospital, 
August 17, 1933, complaining of headache and failing vision. He had had 
severe, constant frontal headache for 6 months, and these were becoming 
progressively more intense. At times he had spells of complete loss of 
vision which lasted a few minutes. His vision, had become worse in the 6 
months before his admission to the hospital. Two months before entrance 
he developed ringing in his left ear and progressive loss of hearing on this 
side. 

Examinations revealed cardiac enlargement vdth a blood pressure of 
170/90 and generalized arteriosclerosis. 

Neurologic examination showed anosmia on the left side, round, equal 
pupils reacting well to light and acconunodation, papilledema of 2 diopters 
in each eye, a slight weakness of the left lower face, tremors of the fingers 
and a generahzed hyperrefiexia. There was some concentric contraction 
of the left idsual field; the right was normal. 

Laboratory Studies. The blood Wassermann reaction’ was strongly 
positive. The spinal fluid was under 22 mm. of mercurj’' pressure. It con- 
tained 2 cells and a slight increase in protein and the Wassermann reaction 
was positive. 

The blood count and blood chemistrj'^ were normal. 

The urine contained a trace of albumin. There was 60% excretion of " 
phenolsulphonephthalein in 2 hours. 

Roentgen ray of the skull showed deformity of the sella turcica by stereo- 
scopic views. The dorsum sellje and posterior clinoid process on the left 
side were almost completely eroded. On the right side only a remnant of 
the posterior clinoid and dorsum sellse remained. The signs pointed to a 
parasellar lesion on the left side. 

Course. A course of antisyphilitic treatment consisting of mercurj’’, 
iodids, bismuth and bismuth arsphenamin sulphonate was given vdthout 
results, so that it was decided to explore the suprasellar and parasellar 
regions. 

Operation. On September 21, 1933, Dr. F. C. Grant reflected a left 
frontotemporal bone flap. The left optic nerve was found to be covered 
by a heavy white membrane. This thickened arachnoid Avas found to 
extend across the anterior portion of the optic chiasm to inA'olve the right 
optic nerve. This tissue was removed by blunt dissection and both nerv^es 
and chiasm freed. There was no eAudence of tumor. 

RecoA'erj^ from the operation AA'as uneA’entful. The headache disappeared 
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completely. Exanunation of the eyes (October 20, 1933) about 4 weeks 
after operation, revealed no choked disc. 

Examination about 13 months after discharge (November 8, 1934) 
revealed no headache, or subjective symptoms of any sort. Examination 
showed only a slight weakness of the lower part of the right face. 

Cases which, do not respond to ordinary antisyphilitic remedies 
must be treated by more drastic means such as fever therapy. This 
is illustrated in the case which follows: 

Case 3. — Oral syphilis 1 year previous to admission. Frontal headaches, 
diplopia, vmial loss for 6 weeks. Bilateral choked disc, iveakness right internal 
rectus, contraction of visual fields. Serologic evidence of central nervous system 
syphilis. Antisyphilitic treatment with marked improvement. 

R. B., a girl, aged 20, was admitted to the Graduate Hospital on September 
7, 1934. About 1 j^ear before admission, she had had some sores in her mouth 
and was treated by injections into her arms and buttocks. The sores 
cleared up promptly. Following this she was in good health until about 
6 weeks ago, when she began suddenly to complain of frontal headaches. 
These were chiefly frontal but radiated also to the temporal, parietal and 
occipital regions. They were so severe that she was forced to give up work. 
At the same time she experienced photophobia, diplopia and marked dis- 
turbances of vision. She had a number of spells of numbness in the right 
hand during which she became momentarily speedfless, but she had never 
suffered from spells of loss of consciousness. 

Examination of her general physical being was entirely negative. Neuro- 
logic examination revealed pupils which were entirely normal in their 
reactions to light and accommodation. The wsual fields were somewhat 
contracted. There was choking of 5 to 6 diopters in each eye with retinal 
exudates and hemorrhages. The right internal rectus was somewhat weak. 
Otherwise the neurologic examination was entirely negative save for absent ‘ 
abdominal reflexes. 

Laboratory Studies. The blood Wassermann reaction was positive by 
the Kahn test. 

The spinal fluid,was under a pressure of 22 mm . of merci^. It contained 
107 cells, all lymphocytes and a marked increase in protein. The Wasser- 
mann reaction was negative. The colloidal gold test was 2211333211. 
The spinal fluid chlorids were 656 mg. 

Urinalysis was normal. 

Roentgen ray of the sinuses revealed moderate clouding of both frontals, 
haziness of some of the right ethmoid cells, marked clouding of the left 
maxillary sinus, and moderate clouding of both sphenoid sinuses. 

The skull Roentgen ray revealed a normal sella turcica measuring 7 by 
8 mm. There was no sign of increased intracranial pressure. 

Course. There were no localizing signs of brain tumor and the case was 
considered, to be one of syphilitic meningoencephalitis. Treatment was 
instituted immediately. She was given mercury inunctions daily together 
with 10 grains of sodium iodid daily. Her headache improved greatly 
after a week’s treatment. Since her e3'es showed no improvement it wp 
decided to treat her more intensively. She was given injections of typhoid 
vaccine everj^ other daj’. She had as a result of these treatments 10 severe 
febrile reactions, her temperature rising to between 103“ and 105° F. On 
the daj^s when she did not receive treatment she was given a mercury 
inunction. In addition she received iodobismitol (2 cc. intramuscularly) 
everj' 3 or 4 days, and 30 grains of sodium iodid by mouth daily. 

Under this treatment her headache disappeared entirely and her vision 
improved markedlj'. Shejwasidiscbarged from the hospital in good condi- 
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tion. She still had slight weakness of the right internal rectus muscle but 
no diplopia. The visual acuity in the right eye was 6/15 and in the left eye 
6/9. The choked disc had receded from 5 to 6 diopters to 1.5 diopters 
and the visual fields were definitely fuller. Subjectively she felt in very 
good condition. . 

Case 4 . — Memory impairment 8 or 9 months. Headache, dxmxnution of 
vision, diplopia, transitory blindness for S months.^ Conmdsive seizures 4 
weeks. Bilateral choked disc, diminution of hearing in left ear, weakness left 
lower face, tremors left side, impairment of memory. Tertiary lesions on skin. 
Strongly positive blood and spinal fluid serology. Subjective improvement 
with aniisyphilitic treatment. 

B. B. (29928) a colored woman, aged 47, entered the University Hospital 
on October 3, 1934, on the Neurosurgical Service of Dr. C. fi. Frazier. 
She had been transferred from the Pennsylvania Hospital where she was 
under the care of Dr. Thomas McCrae. She had had frequent spells of 
loss of memory for 8 or-9 months, during which time she had noted increas- 
ing difficulty in adjustment to her environment. For 3 months, she had 
noticed diminution of fusion, diplopia, visual hallucinations and periods 
of transitory blindness. She could give no further information about these 
various symptoms. About 4 weeks before admission to the hospital, she 
fell and struck her head on the floor. She was unconscious for several hours 
but was able to return to work in a few days. After this she was forced 
to remain out of work from time to time because of illness. For 4 weeks 
she had suffered from seizures in which she suddenly developed coarse 
tremor of both hands, followed quickly by sudden twitehing and falling, 
without loss of consciousness. She had had several seizures of this sort, 
each one lasting about 10 minutes. She gave a history of receiving injections 
in her buttocks and arm. She had had 6 illegitimate children, all of whom 
were born dead at term. She used alcohol freely. 

Examination revealed a clover form lesion on her forehead and a deform- 
ity and ulceration of the left leg. These were considered to be tertiary 
lesions of syphilis by the dermatologic consultant. She had in addition a 
severe scar invohdng the soft palate and tonsiUar fossse, which might very 
well have been due to old syphilitic lesions. The liver was enlarged. 

Neurologic examination was quite variable. IVlien first seen in the Penn- 
sylvania Hospital, she was verj’’ much clouded, and had severe headache. 
Several days later in the University Hospital, she had much less headache 
and was much less confused. She was still disoriented and her memory 
was very poor. The pupils were regular, and reacted well to light and accom- 
modation. She had incomplete loss of hearing in the left ear, a suggestive 
left central facial weakness, coarse tremor of the tongue, slight tremor of 
the left arm, and absent abdominal reflexes. At times the facial weakness 
was much more evident than at others. The mental responses varied widely 
from time to time. On some occasions there seemed to be evidence of 
wealmess of the right hand and arm; on others it was absent. Visual field 
studies revealed a bitemporal hemianopsia. There was 5 diopters of swelling 
m each eye. There were no other significant neurologic findings. < 

Laboratory Studies. The blood Wassennann reaction was strongly 
positive. The spinal fluid was under a pressure of 190 mm. of water. It 
contamed 85 lymphocytes and 85 mg. of protein. The Wassermann reac- 
tion was strongly positive. The colloidal gold was 0012344410. The urine 
was negative. Roentgen raj’’ of the skull revealed a sella turcica which 
measur^l4 by 8 mm. There was a suggestion of atrophy of the dorsum 
selte. Ihe findings were suggestive of increased intracranial pressure. 

tourse. puring the patient’s stay in the hospital of 28 days, she received 
-0 grains of potassium iodid 3 times daily, and 8 injections of mercury 
succunimd (gr. \) intramuscularly. She improved a great deal mentally. 
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She became quite oriented and clear, and was able to work about the ward. 
The headache disappeared completely. The choking receded to 2 diopters 
in the left eye. 

The following case illustrates a gratifying response to intensive 
treatment wdth bismuth in the presence of long-continued choked 
disc without loss of Ausual acuity. 

Case 5. — Headache, photophobia, mental confusion and later euphoria. 
Increasing choked disc to 6 diopters despite antisyphilitic treatment. Disap- 
pearance of choked disc under mtensive aniisyphilitic therapy. 

T. P. (30310), a colored woman, aged 40, entered the University Hospital 
imder the care of Dr. C. H. Frazier, November 28, 1934. She was trans- 
ferred from the Pennsylvania Hospital where she was under the care of 
Dr. A. G. Fewell. In the spring of 1934, she had been troubled with sore 
and painful eyes, photophobia and lachr 3 nmation. This subsided and in 
September, 1934, she developed a generalized headache, gradual loss of 
vision, and increasing pain in her eyes, for which she was admitted to the 
Pennsylvania Hospital. The headache became more severe and the eye 
symptoms persisted. She became more droWsy, confused and stuporous 
in the hospital. She developed nausea and vomiting in addition to her 
other symptoms. Examination in the Pennsylvania Hospital on November 
4, 1934, revealed choked disc of 3 diopters. She had a slight right central 
facial weakness, decreased power in the right hand grip, and astereognosis 
of the right hand. The blood Wassermann reaction was strongly positive. 
The spinal fluid examination revealed 36 cells, chiefly lymphocytes, a 
negative Wassermann reaction and a colloidal gold curve of 0012321000. 
Antisyphilitic treatment was instituted and carried out for about 4 weeks 
but despite this the choked disc increased to 6 diopters. 

Under antisyphilitic treatment from November 2, to November 28, in 
the Pennsylvania Hospital, the mental confusion and stupor gradually 
cleared until the patient became quite clear mentally. The headache dis- 
appeared completely and the iritis which she had on admission to the hos- 
pital became much better with daily installations of homatropin. Repeated 
neurologic examinations revealed only unequal, irregular pupils, the right 
larger than the left. The right pupil reacted very sluggishly to light; the 
left was extremely irregular and stiff to light. Despite the remarkable 
improvement in the headache and in her mental state, the choked disc < 
increased and the visual acuity became less under antisj’^philitic treatment. 
She was transferred, therefore, to a Neurosurgical Se^^^ce because, while it 
was felt that her condition was due to syphilitic meningitis, the increasing 
choked disc and the decreasing %dsual acuit}’^ made it advisable to keep her 
under observ^ation on a surgical sendee where steps could be taken to save 
her eyesight if necessary. - 

Upon transfer she was quite clear mentally; she had no headache nor 
photophobia. Her onl}’- neurologic signs were large, irre^lar, fixed pupils. 
The blood Wassermann reaction was moderately positive. She had 5 
diopters of choking in each eye and a beginning bitemporal hemianopsia. 
The \dsion was 6/20 in each eye. 

Treatment. As noted previously, she received weekly injections of both 
bismuth and roercurj’^ in addition to iodids by mouth for 4 weeks. Despite 
this her choked disc continued to progress and the vision became worse. 

She was then placed on 4 injections of soluble bismuth each week together 
with 25 to 50 grains of potassium iodid 3 times daily. She continued on 
this treatment for 2 weete. In 2 days her vision increased from 6/20 in each 
e 3 'e to 6/6 in the right ej'e and 6/12 in the left e 3 ’^e. The choking decrea.sed 
from 5 to 4 diopters in 6 daj's. In 8 day^s it had decreased to 3 diopters in 
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each eye. In 13 days after this intensive treatment was started, the eye- 
grounds showed no choking. There was only a blurring of the nasal side 
of the discs. Three weeks after discharge the optic discs showed no swelhng 
whatever. 

Analysis of Symptoms and Signs. Symfioms. In all 5 cases severe 
frontal headache was a constant feature. It was a severe, constant, 
non-throbbing ache, often radiating to the temporal or even as in 
1 case, to the occipital area. On the whole, however, it was closely- 
confined to the frontal area. The severity of the headache simulated 
closely that usually encountered in brain tumor. Of all the symp- 
toms it was by far the most disabling. 

Just as constant was dimness of vision which was also present in 
all 5 instances. Usually it manifested itself early in the disease; 
almost as early as the headache, for example. Once present, it 
appeared to progress rapidly, so that at the time of admission to the 
hospital it usually constituted a serious symptom. Despite its 
prominence and seriousness in the clinical picture, it was not often 
associated with a very severe loss of visual acuity. 

Progressive loss of hearing in one ear was present in 3 of the 5 
cases. It was a distracting but not a serious symptom. In 1 
instance it loomed so large in the patient’s mind that suspicion was 
centered on the cerebellopontile angle as the seat of the disease. 

• These -were the three most prominent symptoms. Diplopia was 
an occasional complaint. Con^^Ilsions were strikingly absent except 
in Case 4 where it is questionable whether true con\mlsive seizures 
were ever present. The attacks referred to in the history appeared 
to be rather in the nature of a severe, coarse, generalized tremor. 
Photophobia was present in a few instances. 

Signs. The most constant sign was choked disc. This was as 
high as 5 diopters in 4 cases and 2 diopters in the fifth. There was 
nothing to differentiate the process from the type of swelling of the 
optic nerve head seen in increased intracranial pressure due to 
tumor. The retina in none of the cases revealed any evidence of 
inflammation, and in no case was there any sign of a neuroi’etinitis 
of the sjqibilitic type. There was the usual appearance of swelling 
and protrusion of the optic nerve head with later evidences of organ- 
ization. 

A recent analysis of 50 cases of acute syphilitic meningitis by 
Drake^ reveals choked disc in 16. The swelling varied from 2 to 5 
diopters. It was bilateral in 14 and unilateral in 2 cases. 

Deafness was found in 2 instances. It was a prominent subjective 
complaint in 3 cases. 

Incomplete oculomotor palsies as seen in a unilateral ptosis with 
partial inferior rectus weakness in 1 case, or an incomplete internal 
rectus weakness in another were occasionally disclosed. A complete 
external ophthalmoplegia either unilateral or bilateral was never 
found among our 5 cases. 
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Despite the -undoubted serologic evidence of central nervous 
system syphilis, the pupils were surprisingly normal in all instances. 
The Argyll Robertson pupil was completely lacking in all instances; 
indeed not even evddences of a sj^hilitic pupil could be disclosed. 

The xdsual fields were normal in 2 cases. In 2 patients a bitem- 
poral hemianopsia -was present; and in the fifth case, the -visual 
fields were generally contracted. 

In 3 cases there was a slight central facial weakness, but without 
signs of weakness in the limbs. Tremors of the limbs, invol-ving 
either one limb or several members, was found in a few eases. In 
2 cases there was severe mental confusion and disorientation. 

Blood and Spinal Fluid Findings. The blood Wassermarm 
test was positive in 4 eases. It was strongly positive in 2 cases and 
recorded merely as positive in 2 others. The fifth case was negative. 

The spinal fluid cell count was high in 3 cases: 85, 87 and 107. 
In 1 case, it was 36 and in another was only 2. In the cases with 
pleocjdosis all the cells were lymphocjdes. 

The spinal fluid Wassermann reaction was positive in 4 cases 
and negative in 1. 

The colloidal gold reaction was of the paretic type in 1 case and 
showed deviations from the normal in the other 4. 

In 4 cases the spinal fluid pressure was high, 22 mm. Hg. In the 
other case it was about the border-line of high normal, 190 mm. of 
water. 

The Problem of Diagnosis. The question of greatest importance, 
of course, is that of diagnosis. Given choked disc in a patient, how 
are we to determine that it is due to central nervous system sj'philis 
and not to brain tumor? The first criterion of importance is the 
absence of localizing signs and the variability of those signs present. 
The absence of focal signs is not in itself important because there 
are all too many tumors which give no evidence of their location 
by focal signs. Taken with the other criteria however, this has some 
practical importance. Even more significant however, is the vari- 
ability of those signs which are present. These seem to change 
from one examination to another. Patients who present one set 
of signs one day either do not exhibit these signs on subsequent 
examination or present totally different signs. So variable may 
these signs be that the question may arise whether the findings 
observed were really present. 

Another factor of importance in diagnosis is the serologj'. The 
blood Wassermann test is always positive. There is nearly always 
an increase in the spinal fluid cell count, the cells being chiefly 
lymphoc>i;es. There may, however, be no increase in cells as for 
example in Case 2, in which the meningeal reaction was so chronic 
that no cell rise was observed. The spinal fluid Wassermann test 
is usually positive but may be negative as in Case 3. The colloidal 
gold cur\-e show's de\Iations from the normal. In the evaluation 
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of the spinal fluid signs one may say that in a suspected case of 
syphilitic basilar meningitis, there is usually a decided cellular 
increase in the spinal fluid composed practically entirely of lympho- 
cytes. In addition there is usually a positive Wassermann test 
, and an abnormal colloidal' gold curve. Even in the absence of a 
positive Wassermann reaction, however, there is usually enough in 
the spinal fluid findings, such as increase in cells and an abnormal 
gold curve, to confirm a suspicion of syphilis. 

Still a third criterion for the diagnosis of choked disc due to 
syphilis is the response to treatment. In most cases antisj’philitic 
treatment is followed first by a rapid improvement in the subjective 
symptoms, notably the headache which is such a prominent feature 
of these cases. Ringing in the ears when present clears up quite 
rapidly and when there is a loss of hearing this too improves with 
treatment. The choked disc responds less rapidly. It may clear 
up entirely with treatment, or it may be quite resistive. In Case 2, 
despite the evidence for syphilis, operative interference was neces- 
sary in order to relieve the eye symptoms. With the removal of a 
chiasmal arachnoiditis the eye symptoms disappeared completely. 
In Case 4, despite the marked subjective improvement with anti- 
syphilitic treatment, there was no recession of the choked disc at 
the time of discharge from the hospital. In the other cases, however, 
the choked disc disappeared completelj’^ (Cases 1 and 6) and almost 
completely (Case 3). 

Too great emphasis cannot be placed on the necessity for careful 
observation of the visual acuity. It becomes too easy to attribute 
the choked disc to syphilis, and to lull oneself into a false sense of 
security in the belief that antisyphilitic treatment if continued long 
enough and intensively enough will result in complete disappearance 
of the choked disc. This is not necessarily true, for the choked disc 
may persist despite the most intensive treatment. It is essential 
during the course of treatment to test the visual acuity often— 
at least once each week. If there has been no response after a fair 
trial of treatment of 2 or 3 weeks, and the visual acuity is decreasing, 
steps must be taken to save the patient’s eyesight. It may be neces- 
sary to perform a subtemporal decompression— but something 
must be done. If on the other hand, visual acuity does not decrease 
and the choking remains at the same level after a treatment period 
of 2 or 3 weeks, treatment may be continued provided the visual 
acuity is checked constantly. The response of the serology is of 
minor importance compared with the need for saving the eyesight. 

Pathogenesis. Most of the clinical symptoms can be explained 
by a basilar meningitis, the cranial nerve palsies in particular. 
Other symptoms such as con\’ulsions are not so readily explained 
on this basis. In a recent contribution Greenfield and Stern’ report 
7 cases of syphilitic hydrocephalus in adults, 6 of them with choked 
disc. The clinical s.^mdrome resembled that observed in our cases 
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with severe headache, convulsions, choked disc, and cranial nerve 
palsies. They assert that the underlying difficulty is a basilar 
syphilitic meningitis which produces either a communicating (1 case) 
or non-communicating type of hydrocephalus (4 cases). We have 
no pathologic studies of our cases but it is quite probable that the 
lesions in our cases was of a similar nature. 

Recently Moore^ has reported a group of cases of acute syphilitic 
meningitis. Among 80 cases, one group of 26 corresponded closely 
to the type of case which we report. These cases were characterized 
by symptoms of “a rapidly developing hydrocephalus, i. e., head- 
ache, nausea and vomiting, associated with symptoms of meningeal 
irritation. Neurologic examination in these cases showed only 
choked disc and stiffness of the neck.” He looks upon this group 
as cases of acute syphilitic hydrocephalus associated with sjqihilitic 
infection of the meninges, in which there is disturbance of circula- 
tion of the cerebrospinal fluid by meningeal inflammation, mainly 
in the posterior fossa. 

There is the further possibility that the choked disc is due to a 
local involvement of the optic nerve, the choking occurring from an 
interference with venous and lymph drainage from the retina as a 
result of the meningitis. This seems to have been the case in Case 2 
of our series in which a choked disc of 2 diopters disappeared com- 
pletely after the removal of thickened arachnoid over the optic 
chiasm and nerves. 

The impression still prevails among clinicians that where there is 
evidence of choked disc in syphilis, there must be a gumma. The 
probabilities are much against gumma purely on the basis of statis- 
tics, for it is an established fact that gumma is a very uncommon 
brain lesion. Certainly the clinical features of our cases are not 
explainable by a solitary gumma, whereas they are readily explained 
by a sjqihilitic basilar meningitis. That this meningitis may assume 
^ gummatous characteristics has been demonstrated clearly by 
Jakob, ^ but this is not equivalent to saying that the clinical picture 
is due to a solitary gumma. There is one more important character- 
istic of syphilitic meningitis, and that is that it is usually accom- 
panied by an encephalitic process of sjqihilitic origin, so that it is 
in reality a meningoencephalitis. Some of the clinical signs are 
explainable only on this basis; and the failure of some of the symp- 
toms to respond to treatment may have a similar basis. 

T-here is probably much to be said for the conception of the 
syphilitic hydrocephalus of Greenfield and Stern. Four of our 
cases had a markedly increased intracranial pressure while in the 
fifth the pressure was at the high limit of normal. A choked disc 
which was due to a local meningitis process around the optic nerves 
and chiasm would not produce increased pressure in the head. 

Management of Syphilitic Choked Disc. Having established the 
diagnosis of choked disc due to sj’philis, the most important problem 
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is that of management. How are such cases to be treated? How 
long can one continue with antisj>philitic treatment? When must 
one consider other means of treatment? 

Throughout the managenient of the case the prime consideration 
is the preservation of the patient’s eyesight. The subjective com- 
plaints such as headache, dizziness, mental confusion and deafness 
will clear up rather quickly under treatment, • The choked disc 
will usually persist so that the problem of saving the eyesight be- 
comes the most important one with w'hich the clinician must deal. 
It must be emphasized that no set formula for the duration of anti- 
syphilitic treatment can be set down. The duration of treatment 
must depend on the condition of the vision. If on biweeldy exami- 
nation it is found that the visual acuity is unchanged, treatment may 
be continued with safety so long as this prevails, provided of course, 
it was not too low^ to begin with. If on the other hand, it is found 
that despite treatment, the visual acuity fails regardless of w'hether 
the choked disc is increasing or not, antisypliilitic treatment must 
be abandoned in favor of more effective means of preserving the 
eyesight, as for example, subtemporal decompression. It cannot 
be too strongly emphasized that the eyesight is the important con- 
sideration. 

These principles are well exemplified in the treatment of our 
cases. In Case 1, the response to treatment of the choked disc and 
the visual acuity was rapid and gratifying, so that antisjqihilitic 
treatment was carried out for a period of 2 weeks without trouble. 
In Case 2, however, the response of the patient to treatment Avas 
not rapid enough, the vdsion seemed to be getting ivorse, and a 
craniotomy was necessary to save the patient's eyesight. That this 
w^as done effectively is shown by the gratifying result some time after 
operation. In Case 3, the response was likewise slow, but here 
fever therapy was substituted for other methods wdth resulting , 
rapid response in the recession of the choked disc. In Case 4, anti- 
sj'philitic treatment w^as carried out over 6 w'eeks with frequent 
testing of the visual acuity. The result w^^as a complete recession 
of the choked disc and preservation of vision. In Case 5, despite 
active antisyphilitic treatment the choked disc continued to advance. 
It was felt that all the symptoms and signs w^ere due to sjqihilis but 
preparation for surgical intervention w’as made in viewf of the 
advancing papilledema. Despite this, in the presence of normal 
visual acuity, more intensive treatment wns given, with most gratify- 
ing results. The treatment formula varies therefore with each 
individual case. It cannot be otherwise. 

One further point is essential. The diagnosis of choked disc due 
to sj’philis should be made either by the neurologist or neurosurgeon, 
otherwise there wall be too many cases of choked disc due to brain 
tumor Avhich are treated for sj^ihilis, particularly since it is well 
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loiowH that brain tumor and a positive blood and spinal fluid ser- 
ology may be present in the same case. 

Conclusions, 1. Five cases of choked disc in central nervous 
system sj^ihilis are recorded. 

2. Four responded well to antisyphilitic treatment. The fifth 
was operated on with complete relief. 

3. The underlying lesion is probably a basilar meningitis. 
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THE DETECTION OF TUBERCLE BACILLI IN THE BLOOD STREAM 

BY THE LOEWENSTEIN TECHNIQUE AND AN ANALYSIS 
OF LOEWENSTEIN’S INVESTIGATIONS. 

By Morris Siegel, M.D., 

CLINICAL ASSISTANT VISITING PHYSICIAN, SEA VIEVf HOSPITAL, NEW YOKE CITY. 

(From the Service of Dr. Bela Schick.) 

Ever since 1930, Loewenstein*i has reported numerous positive 
blood cultures of tubercle bacilli, not only in tuberculosis but also 
in diversified conditions of unicnown etiology, such as rheumatic 
fever, chronic polyarthritis, dementia preecox and multiple sclerosis 
(Table 1). During this time, the results of other investigators ivho 
had employed his technique have been either negative or positive 
beyond a doubt in a few cases only (Table 2). Saenz,^ of the 
Pasteur Institute in Paris, tried the Loewenstein method for 4 years, 
with no improvement in the results. He finally concluded that 
the old procedure of subcutaneous inoculation of whole blood into 
guinea pigs gave him better results than Loewenstein’s method. 
Popper,® of Maresch’s Laboratory in Vienna, persisted in the use 
of the Loewenstein technique in 1600 cultures of blood from living 
persons, with only 8 (0.5%) undoubted positive results. Kolle and 
Kiister^ liad only 7 (0.7 %) positive cultures in a series of 953 cases. 
Each year many investigators have tried their hand at the work. 

Loewenstein s technique of culturing blood for tubercle bacilli consists of inocu- . 
lating the sediment of citrated blood, freed of hemoglobin, on the surface of coagulated 
egg medium containing asparagin, glycerin and various salts. The inoculated culture 
tubes are completely scaled to prevent desiccation and incubated at 38° C. If no 
grondh of tubercle bacilli is visible after 2 months’ incubation, a smear of the surface 
of the medium is e.vamined for microscopic ei'idcnce of tubercle bacilli (microscopic 
positive culture). 
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with similarly discouraging results, even after visiting Loewenstein's 
Laboratory 


Table 1. — Results of Blood Cultures in Loewenstein’s Laboratory as 
Reported by Loewenstein, His Coworkers and Other Investigators. 


Type of case. 

Total 

caBes. 

Positive 

cases. 

Per cent 
positive. 

Author of 
report. 

Pulmonary tuberculosis 

140 

54 

39 

Loewenstein." 

AVith intestinal tuberculosis 

V 

? 

100 

Loewenstein." 

With fever 

? 

9 

SO 

Loewenstein." 

Laryngeal tuberculosis 

47 

26 

55 

AA"essely, Loewenstein.'" 

Bone tuberculosis 

67 

26 

39 

Urgoiti.'" 

Urogenital tuberculosis 

22 

13 

59 

Lichtenstern.'" 

Skin diseases; 





Lupus erythematosis 

33 

19 

58 

Loeivenstein (Kren).'" 


48 

3 

6 

Kissmeyer." 

Lupus vulgaris .... 

31 

11 

35 

Loewenstein (Kren). 


80 

20 

24 

Kissmeyer. 


25 

1 

4 

Konrad.5' 

Tuberculids 

7 

4 

64 

Loewenstein (Kren). 


17 

1 

6 

Konrad. 

Erythema induratum . . ^ 

40 


52 

Loewenstein (Kren). 

Granuloma annulare . | 

4 

2 

50 

Konrad. 

Erythema nodosum 

14 

12 

86 

Wallgren.'" 

Polyarthritis: 

18 

■ 2 

11 

Kahlmetor.'" 

Acute 

82 

56 

68 

Reitter, Loewenstein."® 

Chronic 

80 

27 

34 

Reitter, Loewenstein."® 

Acute : chronic .... 

1539 

320 

20 

Loewenstein. 

Diseases of the eye: 

Phlyctenular conjunctivitis, 
scleritis, iritis, uveitis, 

i 

i 

1 

1 

1 


choroiditis .... 

Diseases of the central nervous 

222 

35 

15 

Loewenstein (Meller)." 

system : 




Loewenstein. 

Retrobulbar neuritis 


1 4 

66 

Multiple sclerosis 

' 111 

47 

42 

Loewenstein. 

Dementia pra:cox 

, 359 

142 

39 

Loewenstein. 

96 

27 

28 

Kopeloff." 

Chorea 

1 9 

5 

55 

Loewenstein. 

Miscellaneous: 




Loewenstein. 

Bronchial asthma 

1 ? 

9 

. » 

Sepsis; grippe .... 

1 39 

9 


Popper.'" 

Sepsis (staph., strept.) . 

? 

i 

3 


Mach, Mach." 


The difficulty of culturing tubercle bacilli from the blood has 
been encounte^d with the cultures of blood from living persons 
only. In such cases, the positive cultures were rare and the pri- 
marv growths so scant that usually only 1 or 2 minute colonies 
appeared. With the blood obtained at postmortem of those who 
died of tuberculosis, there has been no such difficultj-, for the 
cultures have frequently been positive and the' growths usually 
abundant.®-® Popper® has reported as many as 80 to 90% positive 
blood cultures from those who died of tuberculosis. 
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Table 2. — Results op Blood Cultures bv the Lobwenstein Method in 
Laboratories Other Than Loewenstein’s.* 




Positive results. 

1 

Type of case. 

Total 

Macroscopic. 

1 

1 Microscopic. 

Macro, and 
micro, not 



1 



specified. 



No. 

1 

% 

No. 

% 

No. 

% 

Tuberculosis (all types except of 

skin and eye) 

Skin diseases (tuberculous forms, 

1 

1 

5472 

1 

! 

60 , 

1.1 

! 

122 ^ 

2.2 

96 

1.7 

including lupus erythematosis, 
erythema multiforme, erythema 
induratum, erythema nodosum) 

633 

3 1 


12' 

1 1.9 i 

1 

9 

1.4 

Polyarthritis (acute ; chronic ; 

rheumatic fever) .... 

Diseases of the eye (phlyctenular 

467 

1 


15 

3.2 

7 

1.5 

conjunctivitis, scleritis, uveitis, 
choroiditis) 

160 

1 


5 

1 

3.1 

! 


Diseases of the central nervous 






1 


system (multiple sclerosis, de- 
mentia priecox, chorea minor) . 

455 

1 

0.2 

8 

1.7 



Total 

7187 

66 ^ 

1 

i , 

0.92 1 

1 

1 

162 

i 

1 2.2 

112 

1.6 


The data in Table 2 was compiled from the reports of the following investigators: 
Abt; Arloing, Dufourt; Beck; Benedek; Bernhardt; Bonnet, Legros; Brugnoghe, 
Adant; Courmont; Corper, Damerow, Deist; Dimtza, Gutscher; Domingo; Dobszay; 
Ederle, Kriech; Emslie; Fetzer, Schmitz; Hager; Harmjanz, Kortman; Huttig; 
libuchi; Jontofsohn; Kadisch; Kolle, Kiister; Laymon; Levin; Lotze; Koch, F.; 
Kalbfleisch, Kalbfieisch; Mach, Mach; Manteufel (Holtgrave, Kottman); Munster- 
Frank; Okell; Paraf, Abaza; Penfold, Butler; Petersen, Lederman; Popoff, Rousseff; 
Popper, H.; Popper, Bodart, Schindler; Richter; Rodiet, Nevot, Maillefer; Shapiro; 
^egler; Saenz; Saenz, Pascal, Costil, Chapoulaud; Schramek; Schreiner; Sergent, 
Durand, Caspar, Marcoux; Siegel, Singer; Stadler; Strempel, Burki; Schwabacher; 
Szule. These references are either indicated in the text or are listed alphabetically 
m the bibliography from No. 69 to No. 107, inclusive. 


In our own country, there have been relatively few reports of 
the results of blood cultures bj^ the Loewenstein method. These 
published results have almost all been negative.i'’'^Li2.i3 
View Hospital, Loewenstein's method has been used since the end 
ot 1930. Here, it was first used in 167 tuberculous cases, with 7 
(4.2%) positive results.^ In 1933, the author with the aid of 
r. Singer'^ continued the work, because Loewenstein’s positive 
n mgs of the tubercle bacilli seemed to be in agreement with 
experimental, clinical and pathological experience. Experimentally, 
tiie ease with which disseminated tuberculosis occurs in susceptible 
anima s, irrespective of the portal of entry, has been known for more 
lan 0 jeais.’^-'’^ Clinically, the occurrence in our tuberculous 
pa len , especially infants, of tuberculids, phlyctenules, miliarv 
tuberculosis of lungs, spleen and other organs, and of other evi- 
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dences of hematogenous dissemination of tubercle bacilli, was seen 
so often that it was felt that the invasion of bacilli into' the blood 
stream must occur frequently. Pathologicalljq patients dying of tu- 
berculosis invariably had tubercles and tubercle bacilli in one or more 
organs remote from the seat of the main lesion. Therefore, positive 
cultures were expected from tliose critically ill with tuberculosis. 


Table 3. — Results of Blood Cultures by Loewenstein Method in 
Tuberculous Persons at Sea View Hospital. (Siegel, Singer.'^) 


Type of case. 

No. of 
caflca. 

Speci- 

mens. 


Results. 


Negative. 

1 

Macroscopic 

positive. 

Microscopic 

positive. 

Adults — pulmonary, usually ad- 
vanced or critical .... 

1 

332 

759 

708 

2 

49 

Children — pulmonary, usually ac- 
tive and advanced .... 

68 

128 

121 

2 

5 

Umbilical’ blood of newborn of 
tuberculous mothers 

13 

13 

11 

1 

1 

Postmortem blood of newborn of 
tuberculous mothers 

6 

8 

7 

1 i 

0 

Postmortem blood of patients 
who died of tuberculosis . 

1 

1 

I 3 

3 

1 

3 

0 

0 

Total 

1 

422 

911 

850 

6 

55 

Percentage of positive cases . j 




1.4 

13 


The results of our first 5 months’ work were disappointing. Of 
160 cultures from 98 tuberculous persons, there were 3 (3%) macro- 
scopic positive cultures and 10 (10%) microscopic positive cultures.* 
The macroscopic cultures grew on subculture and produced gen- 
eralized tuberculosis on subcutaneous inoculation into guinea pigs. 
The microscopic positive cultures were negative to subculture and 
guinea-pig inoculation. 

Since it was possible that we were not performing certain essential 
details in the method correctly, the author went to Loewenstein’s 
Laboratory and worked under his supervision for 5 weeks. The work 
was then resumed at this hospital, with no changes in the procedure 
except for the use of water as a hemolytic agent instead of 3 % acetic 
acid which had originally been employed. In spite of our previous 
experience and our work in Loewenstein’s Laboratory, we were un- 
able to improve our results. Of 663 specimens from 261 cases of all 

* Macroscopic positive cultures were those in which colonics of tubercle bacilli 
were wsible on the surface of the medium. If no growth was ■\-isible after 2 months’ 
incubation at 3S° C., a smear was made of the surface of the medium and examined 
under the microscope for acid-fast bacilli. If one or more clusters of acid-fast 
rods, resembling tubercle bacilli, were seen, the culture was called "microscopic 
positive.” Smears which showed only a few isolated acid-fast rods were considered 
as negative and not included in the microscopic positive results. 
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forms of tuberculosis, usually advanced pulmonary tuberculosis, 
there were 1 (0.4%) macroscopic and 44 (16.9%) microscopic positive 
cultures. Only the macroscopic culture grew on subculture and pro- 
duced tuberculosis after inoculation into guinea pigs. In part of this 
series, we investigated the effects of pneumothorax, thoracoplasty 
and surgery in bone tuberculosis in the production of a bacillemia. 
Before thoracoplasty, of 41 specimens from 29 patients, there was 
1 microscopic positive culture. Of 200 blood specimens taken 
from these patients during and after operation, there were 16 micro- 
scopic positive cultures and 1 macroscopic culture. The macro- 
scopic positive culture was obtained from a blood specimen taken 
immediately after the removal of the first 5 ribs in an adult with 
contralateral artificial pneumothorax. The postoperative course in 
all these cases was good, except in 1 case wdiere the patient developed 
empyema. In pneumothorax, 21 specimens taken before the 
administration of air were negative, as compared with 2 microscopic 
positive cultures from 31 specimens obtained after 300 to 400 cc. 
of air had been given. In 7 cases of fusion operations for bone 
tuberculosis, all the preoperative and postoperative specimens were 
negative. 

Thus far, of a total of 813 specimens from 359 tuberculous persons, 
we had 54 (15%) microscopic positive cultures and 4 (1.1 %) macro- 
scopic positive cultures. In spite of the few undoubted positive 
cultures (1.1%), we still felt that the tubercle bacilli were present 
in the blood stream of living tuberculous persons more frequently 
than Ave had demonstrated by the Loewenstein method. We, 
therefore, decided to compare Loewenstein’s method with other 
methods. 

With the aid of Mishulow,*^® we were able to compare the Loewen- 
stein method (in Avhich the hemoglobin is removed) Avith the whole 
blood method (in AAdiich the citrated blood is cultured without 
remoA’^al of hemoglobin) . The latter method has successfully been 
employed by various inA'estigators'®-^®’^!’^^ in detecting tubercle 
bacilli in the blood stream. Specimens of 4 to 14 cc. of blood were 
withdrawn from our tuberculous patients, and divided into two equal 
parts. One portion was mixed with sterile 0.4 cc. of 10% sodium 
citrate to prcA’^ent clotting, and was sent to Mishulow, who inocu- 
lated the whole blood directly, without preliminary remoAml of 
hemoglobin, on the surface of Loewenstein and of Bordet-Gengou 
media in 6 to 10 Petri plates. The other portion was cultured by 
us according to the LocAA’enstein method. The results of this series 
1 ? ^iheady been published.'® Briefly, there were 98 specimens 
of blood from 63 tuberculous patients, most of whom were critically 
ill AA ith tuberculosis or had clinical CAudence of tuberculous bacille- 
mia. Of the 98 specimens, there were 3 macroscopic posith’^e 

Laboratorj% New York City Department of Health, under the 
Director, Dr. AA ilUam H. Park. 
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cultures by the whole, blood method, as compared with 1 micro- 
scopic and 2 macroscopic positive cultures by the Loewenstein 
method. In ho instance were both portions of a divided specimen 
positive by both methods. In 2 infants with miliary tuberculosis, 
repeated blood cultures finallj’^ gave positive results by both methods. 
In a third case, only the whole blood method was positive;- while 
in the fourth case, a culture bj^ the Loewenstein method was micro- 
seopically positive. The results of this small series seem to indi- 
cate that it is unnecessary to remove the hemoglobin from the 
blood. Others--® also have shown that hemoglobin does not inhibit 
the growth of the tubercle bacilli. 

Our search for the tubercle bacilli in the blood of tuberculous 
persons has not been abandoned. The use of saponin as the hem- 
olytic agent®^ in the Loewenstein technique has been tried, with no 
increase in the number of our positive results. However, wheii 
large quantities of blood are available, saponin might still be of 
value, for it leaves a small sediment. At present, we are trying out 
Popper’s modification of the Loewenstein technique with which 
Popper® has had encouraging results.* 

An old method, which we have not yet given an adequate trial, is 
the inoculation of blood into guinea pigs. This method is preferred 
by Saenz® after 4 jmars’ experience with the Loewenstein technique. 
Saenz injects the whole blood sediment into the subcutaneous tissue 
of the thigh and observes the guinea pig for more than 8 months 
if necessary. Ninni®'* prefers the injection of the blood sediment 
into the Ij^mph nodes. 

A summar}^ (Table 3) of our experience with the Loewenstein 
technique shows that, of 911 specimens from 422 tuberculous 
persons, there were 6 (1.4%) macroscopic positive cultures and 
55 (13%) microscopic positive cultures. The 6 macroscopic cul- 
tures were undoubted cultures of tubercle bacilli that grew readily 
on subculture and produced disseminated tuberculosis in guinea 
pigs. Only 1 or 2 colonies were seen in the primary cultures of 
5 to 10 cc. of blood. Therefore, the number of detectable tubercle 
bacilli in the blood stream are few, and repeated blood cultures 
are necessary. Frequently repeated blood cultures are also impor- 
tant, because one does not know when and how the degree of tuber- 
culous bacillemia varies. In pyogenic sepsis or malaria, there is a 
chill to tell the investigator when to take the blood specimen. In 
tuberculosis, there is no such guiding signal, and one depends on 
chance. When the clinical effects of a shower of bacilli into the 
blood stream, such as fresh tuberculids, are seen, it is often too late 


* Popper allows the blood specimen to remain at 38° C. in a fluid nutrient medium 
of asparagin, di-sodium phosphate, mono-potassium phosphate, magnesium phos- 
phate, sodium citrate, glycerin and saponin. At the end of 10 to 14 days this is 
centrifuged and the sediment is inoculated on the surface of Loewenstein medium. 
The cultures are sealed and kept in the incubator at 38® C. for 2 months. 
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for a culture^ for most of the bacilli disappear quickly from the 
blood stream.®’^® 

The 55 (13%) microscopic positive results did not grow on sub- 
culture nor did they produce evidence of tuberculosis in guinea pigs. 
The significance of the microscopic positive cultures has nofyet been 
determined. Until more is known about them, we shall regard 
them as doubtful positive results. It is obvious that the total 
percentage of positive results can be markedly increased by com- 
bining the microscopic and macroscopic positive results under the 
one heading, positive cultures, such as Loewenstein has done. 

Our 6 macroscopic positive cultures were from various types of 
cases. In 1 instance, 2 minute colonies were grown from the blood 
of the umbilical cord. In this case, the placenta had a tuberculous 
area, 2 cm. in diameter. The mother died of tuberculosis 18 hours 
after the delivery. The newborn was a 7-month premature who 
died within 3 hours, with no clinical evidence of tuberculosis. The 
necropsy findings in the newborn were negative except for atelectatic 
areas in the lungs. A culture of its heart blood gave an abundant 
growth of tubercle bacilli in all of the culture tubes. 

There were 4 other macroscopic positive cultures in our series. 
Two were from adults with advanced pulmonary tuberculosis. In 
1 of these cases the blood specimen was taken immediately after 
a first-stage thoracoplasty operation in which the first 5 ribs were 
removed. The postoperative course was uneventful. The patient 
also received pneumothorax on the contralateral side. In the other 
case the patient was critically ill with pulmonary and intestinal 
tuberculosis. In 2 instances, the macroscopic positive cultures 
were from infants, 9 and 10 months respectively, with pulmonary 
and generalized miliary tuberculosis. Additional blood specimens 
from these 2 infants were also positive by the whole blood method, 
as already mentioned. 

In 12 other instances, smooth, glistening, chromogenic colonies 
of acid-fast bacilli grew which proved to be non-pathogenic. These 
bacilli grew on nutrient agar at 38° C. in a few days and on Loewen- 
stein medium at room temperature. They were saprophytic con- 
tarninants Avhich almost all investigators who have used the Lowen- 
stein technique have encountered. They have also been found in 
Loewenstein’s Laboratory.-^ According to Loewenstein, they “can- 
not be differentiated by their shape and staining characteristics 
from true tubercle bacilli.” They indicate the importance of sub- 
culture and virulence tests, especially of colonies obtained in non- 
tuberculous conditions. 

Discussion. The problem of tuberculous bacillemia is an old one, 
and its history is important in the evaluation of Loewenstein’s 
results. Even before Koch’s discovery of the tubercle bacillus, 
\ illennn,^® in ISGS, had shown that the causative agent of tuberu- 
losis was in the blood stream, by producing tuberculous lesions in 
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a rabbit subcutaneously inoculated with blood from a tuberculous 
person. After the discovery of the tubercle bacillus, one of the 
first problems to stimulate research was the detection of the bacilli 
in the blood. The first to report successful results was Weichsel- 
baum,-® in 1884, with his report of tubercle bacilli in the smears of 
the postmortem blood clots of 3 cases with acute miliary tubercu- 
losis. To these, Meisels^^ added 8 more positive results postmortem, 
in cases of acute miliary tuberculosis. In chronic miliary tuber- 
culosis, the smears of blood clots were negative. 

In 1891, Liebman^* aroused unusual interest in tuberculous bac- 
illemia bj" reporting the presence of tubercle bacilli in smears of 
drops of blood of 39 out of 44 tuberculous patients after tuberculin 
injections. Controls from 20 normal persons were negative. How- 
ever, his results were not verified by others.^® Some 20 years 
later, several investigators reported the presence of acid-fast bacilli 
in the blood stream of almost all living tuberculous persons. 

Rosenberger^® (1909), using the sediment of 2 to lOjic. of whole 
citrated blood, was able to report 125 positive cases from patients 
with tuberculosis. With the Staubli-Schnitter*® method Kurashige,®' 
in 1911, reported 100% positive smears in 155 tuberculous cases, 
and about 60% positive results in 34 apparently normal persons. 
Suzuki and Takaki®- followed, in 1912, with 500 positive cases out 
of 517 with tuberculosis. In the same year Liebernieister®’ reported 
many positive blood smears from tuberculous and non-tuberculous 
persons. . His positive results in 26 out of 28 cases of pulmonary 
tuberculosis, 70 scrofulous patients, 37 persons witli rheumatic 
fever, and several with erythema nodosum and angina remind one 
of Loewenstein’s results 20 years later. 

However, not all -workers had such consistently good fortune. 
Some investigators were not successful in finding tubercle bacilli 
in any of their cases, even in those with tuberculosis.-®'®^ Such a 
marked discrepancy in the results of a procedure apparently so 
simple as the microscopic examination of a blood smear naturally 
created doubt as to the reliability of the method. It was soon 
seen that there were many sources of error. A scratch on the slide, 
shreds of fibrin and debris, hemin crystals, crystals of fuchsin an 
incompletely decolorized smears were only a few of the things 
which might simulate the appearance of the tubercle bacillus, 
was also soon discovered that not all acid-fast bacilh are tu ere e 
bacilli. Rabinowitsch®^ reported that more than 60 dinerent aci 
fast forms were found between 1882 and 1902. These were presen 
in almost all living forms, in plants, mammals, birds, • 

fish. They were also found in air and water, and even m ’ 
water.®®'®® Brem’s experience wdth distilled water is ms J'p' 
Following Rosenberger’s®® technique, he found acid-fast bacdii 
the blood smears of such non-tuberculous conditions as ’ 

typhoid and, pneumonia. Searching for the explanation he eieii * . 
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found non-pathogenic acid-fast bacilli in his distilled water and in , 
all solutions made from it. 

The use of animal inoculation to verify the results of blood 
smears varied with the different investigators. Of 125 cases positive 
by smear, Rosenberger®* reported the results of intraperitoneal 
guinea-pig inoculation of blood sediment in 2 instances only. Both 
of these were said to be positive. Liebermeister,^* in 1908, trying 
guinea-pig- inoculation of whole blood from 50 tuberculous persons, 
found death from “inoculation tuberculosis” in 40% of the cases. 
No description of the lesions in the positive guinea pigs was given. 
Since these results were lower than the 100% he had obtained by 
blood smear, he concluded that the inoculation of guinea pigs was 
not sensitive enough. Suzulvi and Takaki^- claimed that animal 
inoculation proved their smear findings, which were positive in 510 
cases. Like Liebermeister,^^ they had no controls nor did they 
describe the lesions in the positive inoculated animals. ^Vhere 
investigators described the findings in their guinea pigs, it was 
apparent that their diagnosis of inoculation tuberculosis was often 
doubtful. In most such instances*® the workers depended on 
Ziehl-Neelsen smears of the blood and tissue of the guinea pig 
when there were no macroscopic or even microscopic tuberculous 
lesions 6 to 8 weeks after inoculation. KennerknechB^ also relied 
on temperature changes in her inoculated animals after subcutaneous 
injection of 0.5 cc. of O.T. This tuberculin test was done about 
14 days after intraperitoneal inoculation of 2 cc. of the blood sample. 
With such criteria of inoculation tuberculosis and no controls, one 
does not wonder that the. blood of many or of all the tuberculous 
and non-tuberculous cases were said to be positive. W%ere the 
animal inoculation was well controlled and the lesions in the inocu- 
lated animals were undoubtedly tuberculous, there were no positive 
results in non-tuberculous persons, and few positive results in tuber- 
culous persons. Kahn,'*® in 1913, Avas able to collect from the 
literature only 32 (6.2%) out of 512 tuberculous cases in which the 
results of guinea-pig inoculation could be accepted as positive. 

Blood cultures for tubercle bacilli rvere also tried. Until 1929 
the positive results were less than by guinea-pig inoculation. Of 
55S tuberculous cases reported from various sources, from 1906*® 
to 1929, Wilson-** was able to collect only 6 instances (1 %) in which 
tubercle bacilli were undoubtedly cultured from the blood of living 
persons. Blood cultures for tubercle bacilli were rarely positive 
until 1930, when Loewenstein began to report his many positive 
results. 

Loewenstein s results are striking for the types of conditions in 
AAhich he reports the tubercle bacilli in the blood stream and for the 
high percentage of positive results in tuberculous and non-tuber- 
culous cases. These unusual results naturally create doubt among 
the many investigators who have failed to verify them (Table 2), 
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especially as the Loewenstein method is not difficult. In his own 
laboratory his technician has been able to do almost all of his 
cultures alone. Furthermore, his medium and method, although 
excellent, have not been so unusual as to warrant such Striking 
results. 

The coagulate4 egg, asparagin, glycerin, starch or potato sugar 
(Kartoffelzucker) and various salts that make up the Loewenstein 
medium have been used for many years in making media for the 
tubercle bacillus. Its glycerin was introduced by Nocard and 
Roux*'* in 1887. Its asparagin, as a source of nitrogen, was used in 
1894 by Proskauer and Beck,"*® who also recommended the various 
salts later used by Loewenstein. The coagulated egg was intro- 
duced by DorseP® in 1902, and the glycerinated egg, by Lubenau'*^ 
in 1907 . In 1930, about 25 years later, Loewenstein* reported the 
use of all these ingredients in his Congo-red medium. 

Although his medium is good, Loewenstein has not depended on 
it alone. In 1926, Petragnani'*® introduced his malachite-green 
medium of potatoes, peptone, glycerin, 4 whole eggs and 1 yolk to 
150 cc. of milk. This malachite-green medium, containing asparagin 
instead of peptone, has been constantly used by Loewenstein with 
his Congo-red medium. The tubercle bacilli seem to grow well on 
both media. The disadvantage of the Loewenstein Congo-red 
medium is that it contaminates easily and liquefies, thus spoiling 
the culture. This occurs so readily that Loew^enstein never does a 
blood culture without using 1 to 2 tubes of the modified Petragnani 
malachite-green medium. On this modified Petragnani medium, 
Loewenstein has had about 55% of his total macroscopic positive 
cultures, wffiile about 45% have been on his Congo-red medium. 

The technique of culturing tubercle bacilli was introduced more 
than 50 years ago (1883) by R. Koch, who first grew the tubercle 
bacilli from various tuberculous tissues on coagulated serum. As 
early as 1905, Loewenstein^^ himself reported the culture of tubercle 
bacilli from the heart blood of experimentally infected guinea pigs. 
In 1906, Eabinowitsch®^ cultured the tubercle bacilli from the blood 
of a patient with pulmonary tuberculosis. In 1909, Anderson^® 
spread the centrifuged sediment of citrated blood on glycerin potato 
medium, sealed the tubes 'nuth paraffin, and observed them for 
2 months before discarding them as negative. 

The removal of hemoglobin from the blood goes back to 1908, 
when StaublP* used 3% acetic acid to hemolyze the blood, centri- 
fuged the mixture, decanted the supernatant fluid and studied the 
sediment. In 1930, Loewenstein* advised the same procedure, 
because he felt that hemoglobin inhibits the growth of the tubercle 
bacilli. In 1932, he stressed the use of distilled water instead of 
acetic acid. Distilled water as a hemolytic agent had been em- 
ployed by Burville-Holmes” in 1910. In 1912, Duchinoff*® stressed 
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complete removal of hemoglobin by repeated washing with distilled 
water, a procedure which Loewenstein strongly advocates. 

In addition to the complete removal of hemoglobin, Loewenstein 
stresses the use of 15% by volume of sulphuric acid if contamination 
is suspected. The principle of using a chemical substance to kill 
contaminants without destroying the tubercle bacilli was success- 
fully employed by Uhlenhuth,^- in 1908, with antiformin. In 
1909, Schnitter*® used antiformin on the sediment of blood hem- 
olyzed by acetic acid, according to the Staubli method. This pro- 
cedure, the Staubli-Schnitter method, became popular in the 
search for tubercle bacilli in the blood. Substitutes for antiformin, 
such as sodium hydroxid and hydrochloric acid soon appeared. In 
1924, Loewenstein advised the use of 15% by volume of sulphuric 
aeid in culturing contaminated material, such as sputum, urine 
and feces. In 1930, he introduced its use in culturing blood. 

Since 1930, in spite of the many positive results, Loewenstein has 
frequently tried to improve his method and medium. As a hemo- 
lytic agent he used acetic acid (3% to 10%) for approximately his 
first 4500 blood cultures, but this gave an objectionable pasty 
sediment. To overcome this he tried saponin (from 0.5% to 2%) 
instead of acetic acid. In 1011 cultures, he reported 156 positive 
results, but discarded the saponin as “ macroscopically visible 
colonies did not develop on the cultures.” In December, 1931, he 
began to use distilled water which he still employs. During the 
years of 1930 and 1931, he not only varied his hemolytic agents, 
but also tried the effects of potassium hydroxid, varying from 0.5 % 
to 2%, and 0.5 to 1 cc. of 15% by volume of sulphuric acid. 

In his media, he has frequently tried new ingredients and different 
proportions of the old ingredients. Petragnani’s^® medium was 
almost always used with asparagin instead of peptone, and with 
varying amount of eggs and glycerin. Potato sugar replaced potato 
fiour. For several months serum was added and occasionally aspar- 
agus water. Loewenstein’s Congo-red medium also underwent 
many changes. The number of eggs and the amount of glycerin 
were usually equal to the egg and glycerin content of the modified 
Petragnani medium. At times the amount of asparagin was in- 
creased. For several months tomato juice, occasionally milk and 
even gum arabic were added. For a while water extracts of aspar- 
agus, beans and fish were also added. 

Loewenstein’s investigations may be critieized from two points 
of viev his definition of a positive blood culture and his conception 
of a control. For him a culture is positive either if colonies appear 
V iich he considers typical of tubercle bacilli (macroscopic positive), 
or if a smear of the surface of the medium, which has no visible 
grow th after 2 months’ incubation at 38° C., shows acid-fast forms 
w nch he considers tubercle bacilli (microscopic positive). 

i ost of tlie macroscopic positive cultures shown to the author 
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by Loewenstein had growths of typical colonies of tubercle bacilli. 
The primary blood cultures grew unusually well and luxuriously, 
unlike the minute colony or two which appeared in the primary 
growths obtained by other workers. In fact, his primary macro- 
scopic cultures usually resembled the abundant growth of subcul- 
tures. Occasionally, he called yellowish or whitish growths positive 
which appeared rather atypical, like contaminants, either acid-fast 
sapropliytes or non-acid-fast organisms. However; Loewenstein 
seemed to have no doubt that these were typical cultures of tubercle 
bacilli from blood sediment. He, therefore, regarded subculture 
and guinea-pig inoculation as unnecessary. 

Although Loewenstein has had extensive experience with the 
tubercle bacillus, it would still be preferable if he confirmed his 
macroscopic positive cultures with virulence tests, especially his 
cultures from the blood of non-tuberculous persons. Almost all 
workers who have cultured blood for tubercle bacilli have had acid- 
fast colonies which have proved to be saprophytic on subculture 
and virulence tests. Of 10 macroscopic cultures from 300 tubercu- 
lous cases. Popper had 6 saprophytic strains which he believed were 
contaminants. Saenz reported that 3 out of his 9 macroscopic 
cultures in 500 tuberculous cases wmre non-pathogenic ‘'paratubercle 
bacilli.” In 120 tuberculous cases, Corper and Damerow^" had 
2 macroscopic cultures only, both of which proved to be saprophytic 
bacteria. Even in Loewenstein’s Laboratory, Eanjul and GerzneP^ 
reported 8 macroscopic cultures of saprophytic “pseudotubercle 
bacilli” in 45 cases with positive blood cultures. 

There were relatively few microscopic positive cultures during the 
author’s 5 weeks’ visit to Loewenstein’s Laboratory. In all in- 
stances, the acid-fast forms resembled tubercle bacilli. In 1 smear, 
a few scattered forms were seen in one field only. The remainder 
of this smear and smears from 2 other culture tubes of the same 
blood specimen were negative. In 1 other case, several groups of 
acid-fast bacilli were present. Smears from two other culture tubes 
of the specimen wmre filled with non-acid-fast contaminants. 

The significance of a “microscopic positive culture” is doubtful. 
Almost every wmrker has seen acid-fast material in smears of the 
surface of media with no macroscopic growth. Some have^ had 
microscopic positive results only; others have had an occasional 
macroscopic positive culture (Table 2). Almost all the subcultures 
and guinea-pig inoculations of the microscopic positive cultures 
have been negative in the hands of workers other than Loewenstein, 
even though distinct acid-fast rods, singlj- or in groups like typical 
tubercle bacilli from colony growths, were seen. It is conceivable 
that in some instances the tubercle bacilli were dead and, therefore, 
could not grow; that at other times only slight growth occurred, 
so that it could not be seen with the naked eye. It is possible that 
the growth of the tubercle bacilli might stop with a minute colony 
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hidden away along the side or bottom of the culture tube. However, 
it is also well known that acid-fast material might be artefacts or 
bacilli that are not tubercle bacilli. Loewenstein, himself, stated, 
in 1932, that saprophytic ‘'acid-fast bacteria cannot be differenti- 
ated by their shape and staining characteristics from true tubercle 
bacilli.” He even considered as erroneous the many positive results 
of the smears of blood sediments which Rosenberger, Liebermeister, 
and Kurashige had formerly used to demonstrate the presence of 
tubercle bacilli in the blood. 

Unfortunately, Loewenstein does not separate in his publications 
the total number of his microscopic from his macroscopic positive 
cultures. In his reports, he refers to them as “positive blood cul- 
tures.” In his records, he also referred to them as “positive,” 
until February, 1932, for about his first 7000 cultures. Thereafter, 
he indicated which of his positive cultures were “macroscopic” or 
“microscopic.” It was soon seen that the former comprised about 
55% to 60% of his total positive results. 

The total number of Loewenstein’s microscopic and macroscopic 
positive cultures has varied considerably from time to time. At 
times, most of his positive cultures had distinct colonies on the sur- 
face of the medium (macroscopic positive). Such was the case 
when the author visited Loewenstein in May, 1933. At other times, 
all or almost all of his cultures had no macroscopic colonies, and his 
positive results were based upon microscopic examination of a smear 
of the surface of the medium (microscopic positive) . During certain 
periods there were many microscopic and macroscopic positive 
cultures. During other periods, however, almost all of his cultures 
were negative, even after microscopic examination. The cause of 
these marked variations in results has been attributed by Loewen- 
stein chiefly to uncontrollable variations in his media and his centri- 
fuge. At one period he claimed that the use of saponin as a hemo- 
lytic agent was the cause of his microscopic positive results. In 
view of these variations in Loewenstein’s unusual results, it is impor- 
tant to know the nature of his controls and his results in these 
controls. 

Loewenstein claims that he has had over 7000 negative control 
specimens to substantiate his work ; that his cultures of undiagnosed 
blood samples, from such controls as healthy persons and those with 
non-tuberculous conditions, as gonorrhea, syphilis and cancer, have 
been negative. The details of this statement can be learned from 
the reports of the following workers who have sent him undiagnosed ‘ 
blood specimens. 

Siegl,^’ of the ‘A\iener Kinderklinik,” used blood samples from 
cluldren with active tuberculosis, inactive tuberculosis, and negative 
reaction to tuberculin. Each sample of blood was divided into 
three Pfirts. One part was sent to Loewenstein, another to IMaresch, 
and the third part was inoculated into guinea pigs. In the entire 
series of 177 specimens, there was only 1 which was positive in 
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the inoculated guinea pigs. This positive blood was from a child 
with active tuberculosis. In Maresch’s laboratory there were 3 
microscopic positive cultures all from the children with active 
tuberculosis. Loewenstein, however, reported 28 positive blood 
cultures. He reported positive cultures in 13,5% of the specimens 
from the children with active tuberculosis, 18.9% from those with 
inactive tuberculosis, and 23.9 % from those with negative tubercu- 
lin and no clinical evidence of tuberculosis. Wallgren,^* like Siegl, 
also _ reported that Loewenstein had positive blood cultures in 
3 children with repeatedly negative intracutaneous tuberculin tests 
to 10 mg. O.T. One child had erythema nodosum and 2 had 
rheumatic fever, with no clinical evidence of tuberculosis. 

In skin conditions, Loewenstein seems to have had many positive 
blood cultures in specimens sent undiagnosed from clinically non- 
tuberculous persons.^^-^®'^’ In Delbanco’s^^ series of 15 specimens 
from patients with tuberculous skin conditions, there was 1 (7.2%) 
positive culture; in 42 specimens from patients with gonorrhea, 
there were 7 (16.6%) positive cultures; and in 23 specimens from 
those with other non-tub erculous skin conditions, there were 7 
(30.4%) positive cultures. Loewenstein has had positive blood 
cultures in such skin conditions as neurodermatitis, eczema, acne 
vulgaris, folliculitis;®® furunculosis, erythema pernio, impetigo, acne 
vulgaris;®^ lymphatic leukemia, mycosis fungoides, acne vulgaris.®’ 
Kopeloff’s experience with Loewenstein is also noteworthy. 
Samples of blood were first sent from 42 psychotic patients clinically 
free of tuberculosis, and from 12 normal doctors and nurses. Kope- 
loft*®® divided each specimen of blood into 4 parts, gave each part 
a different identification number, sent 3 to Loewenstein and cultured 
1 himself according to the Loewenstein technique. In this series of 
54 persons, Loewenstein reported 20 positive blood cultures, 13 
macroscopic and 7 microscopic, all from the psychotic patients 
(dementia prmcox, psychoneurosis, manic depressive and involu- 
tional melancholia). None of the specimens from the_ normal 
persons was positive. All the cultures by Kopeloff were negative. 
Kopeloft® continued with the experiment. As Loewenstein received 
more blood specimens, he began to report macroscopic positive 
cultures in the clinically normal persons as well as in the psychotic 
patients. To complete the experiment, Kopeloff also sent 50 speci- 
mens of blood from 25 patients with active tuberculosis. In none 
of these specimens from cases of active tuberculosis did Loewenstein 
obtain a positive blood culture. In the entire series, Loewenstein 
had 31 macroscopic positive cultures distributed ns follows: 

No of 
cases. 

Active tuberculosis 25 

Dementia 

Other psj'cboses and neuroses I" 

Normal persons 

(Healthy doctors and nurses) 


Macroscopic 

positive. 

0 

21 

6 

5 
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The macroscopic positive results were cultures of vii'ulent tubercle 
bacilli as shown by subcultures and virulence tests.® 

In spite' of these many unexpected positive results,® 
Loewenstein claims that 7000 negative ‘'control” specimens sub- 
stantiate his work, ■\^^lat he evidently means by a control is a 
case with a negative blood culture. Once he reports the blood 
positive, he claims that he has demonstrated the presence of the 
tubercle bacilli in the blood— no matter what the clinician thinks 
about the case. Under experimental conditions, in which only 
cases with negative blood culture are considered as controls, one 
should use other types of controls to prove that the positive cultures 
come from the blood only and not from other sources. 

Loewenstein has reported many other unusual findings that make 
adequate controls essential. He found tubercle bacilli not only in 
the blood of those with dementia prmcox but also in their spinal 
fluid. He has also reported positive cultures in the blood and spinal 
fluid of several children with chorea. Reitter and Loewenstein®® 
have reported positive cultures from the umbilical blood of 3 new- 
born, whose mothers had rheumatic fever with repeatedly positive 
blood cultures during their pre-partum period. In these instances, 
the newborns were normal, wdth negative tuberculin to 100 mg., 
and no clinical evidence of tuberculosis after observation periods 
of 5 to 12 months. The numerous positive results in non-tubercu- 
lous skin conditions have already been mentioned.®® In 

addition, he has had positive results in such diversified conditions 
as polycythemia rubra, Hodgkin’s disease, bronchial asthma and 
sepsis. 

Several workers have tried to control his work by giving Loewen- 
stein part of the blood specimen and sending the rest to other 
laboratories or culturing it themselves, ^^flnle Loewenstein reported 
many positive cultures from tuberculous, non-tuberculous and clini- 
cally healthy persons, the results in other laboratories were nega- 
tive.®’®® Mathiesen®® had a similar experience. He sent blood 
specimens of 51 cases of tuberculous skin diseases to Maresch’s 
Laboratory and to Loewenstein. In hlaresch’s Laboratory there 
were no macroscopic growths and only 7 microscopic positive cul- 
tures, negative to subculture. Loewenstein reported 13 positive 
blood cultures. ^ Konrad®^ also sent half of each blood specimen from 
persons with skin diseases to h'laresch and to Loewenstein. Again, 
of 134 cases, Loewenstein reported 30 positive cultures, as compared 
with only 4 microscopic positive results in Maresch’s Laboratory. 

Loewenstein s explanation for the differences between his results 
and those of others, has been that the work in his own laboratory 
is superior. He^ cannot, however, expect this ex]flanation to be 
accepted until his many positive results, especially the microscopic 
positu e cultures, are verified by subcultures and virulence tests, 
and until he has satisfactory controls. 
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Summary. 1. Of 911 blood specimens from 422 tuberculous 
persons at this hospital, there were 6 (1.4%) macroscopic positive 
cultures and 55 (13%) microcopic positive cultures bj^ the Loewen- 
stein technique. The macroscopic positive cultures were undoubted 
cultures of tubercle bacilli according to subculture and virulence 
tests. The microscopic positive cultures were not definitely proved 
to be cultures of tubercle bacilli, since subcultures and animal 
inoculation gave negative results. 

_ '2. The disparity betvmen Loewenstein’s results and those of other 
investigators still exists after 5 years of research. 

3.^ Loewenstein’s investigations may be criticized from two points 
of view ; his definition of a positive blood culture and his conception 
of a control. 
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BRONCHOGENIC CARCINOMA. 

An Analysis op 54 Cases With A. Roentgenological 
Classification. , 

' By Milton G. Wasch, M.D., 

CLINICAL PHOFESSOH OF KADIOLOGY, LONG ISLAND COLLEGE OP MEDICINE; ATTENDING 
KADIOLOGIST, JEWISH HOSPITAL OP BROOKLYN AND ISRAEL ZION HOSPITAL, 

AND 

Bernaei) S. Epstein, M.D., 

RESIDENT IN RADIOLOGY, JEIVISH HOSPITAL OP BROOKLYN, BROOKLYN, N. Y. 

(From the Department of Radiology of the Jewish Hospital.) 

The marked increase in the number of cases of bronchogenic 
carcinoma in recent years, observed in the Department of Radiology 
at our Institution, stimulated this review of our material. Long 
regarded as a rarity, primary malignancy of the lung is today recog- 
nized as a tumor which occurs relatively frequently. Whether this 
increased incidence represents a real or apparent increase in the 
actual number of cases is still a mooted question.- In a series of 
2209 autopsies, at the University of Vienna Pathological Institute,® 
Rogers found an incidence of 2.3% of bronchial carcinoma. We 
have observed it in 1.2% of 1773 necropsies. Prior to 1926, only 
an occasional case appeared in our records. In 1933, however, 
23 were recognized, and during the first 9 months of the past year 
19 additional cases have appeared. 

In view of the recent advances in the- surgical® and roentgeno- 
logic treatmenU'^’S of the disease, early diagnosis has become 
increasingly important, for those lesions which are still localized 
are more amenable to treatment; whereas advanced cases, in the 
main, are hopeless. With this in mind, we have reviewed the cases 
of bronchogenic carcinoma in our hospital since 1926 (Chart I). 

In all we have made a diagnosis in 123 instances. Fifty-four 
cases which were regarded as proven beyond doubt have been 
selected for detailed study. Of these, 26 were proven by bronchos- 
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copy with biopsy, 20 by necropsy, 4 by biopsy of accessible meta- 
static foci, and 4 were initially diagnosed by the presence of malig- 
nant cells in the pleural fluid sediment. 


Chakt I. — Incidence of Bronchogenic Carcinoma. 


Year. 

Total number 

Number of cases 
of primary 

hospital cases. 

carcinoma of lung. 

1926 

. . . 9,429 

4 

1927 

9,911 

4 

1928 

. . 10,028 

14 

1929 

.... 12,150 

12 

1930 

13,263 

14 

1931 

13,915 

17 

1932 

14,261 

16 

1933 

14,976 

23 

1934 

11,204* 

19 

Total ■ . 

109,177 

123 

* To October 1, 1934, 

The Roentgen ray in most cases gave the original clue, but was 


not regarded as positive proof,® even though the roentgenograms 
may have been classical. Cases in which the bronchoscopist re- 
ported bronchial stenosis with intact bronchial mucosa alone were 
also discarded as unproven.^® 

Age and Sex Incidence. (Chart II.) The data reveal 72% of 
cases in males; 63% of the cases occurred between the fourth and 
seventh decade. Our youngest patient, a boy aged 12, has been 
under our observation for 3 years; our oldest patient was a man, 
aged 73. Except for the extreme youth of our 5 mungest case, our 
findings are in accordance with those of other observers. 

Location of the Primary Growth. (Chart III.) The location of 
tlie neoplasm in the bronchial tree is deserving of comment. Rogers,® 
Funk,“ and.Atkin^® state that each side is about equally involved, 
but our figures show that the right side is slightly more susceptible 
to tumor gro-wth. In our series, 29 occurred on the right side, 22 
on the left and 3 in the trachea. These figures bear out Fried’s® 
assertion, that bronchogenic carcinoma is more frequently observed 
on the right side. Manges also confirms this finding.^®. 

The main bronchi were the most common sites of the primary 
tumor, with the upper primary divisions next in frequency. This 
is a fortunate circumstance, since it is obviously much more difficult 
to visualize tumors bronchoscopically when located in the more 
remote minor bronchi. Our findings are not in agreement with 
Rogers,® who found the superior bronchi more frequently involved 
tlian the main bronchi. Manges® and Fried’s® data are more in 
accordance with our own. 

Duration of Symptoms Before Hospitalization. (Cliart IV.) Tlie 
symptoms before hospitalization ranged from an acute onset to a 
duration of 3 years or more. About 20% presented symptoms of 
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less ttan 3 months’ duration before admission to the hospital, while 
approximately half of our cases gave a time incidence of from 3 
to 12 months. 


Chart II. — Age, Sex, Ixcidexcb 



Chart HI. — Location of Primary Growth. 


Right. 




Main bronchus . 

. 1.3 


12 

Upper bronchus 

8 

Trachea . . 2 

5 

Middle bronchus 

. 2 

Carina , . 1 


Lower bronchus 

2 


1 

Not stated . 

. 4 


4 

Total , . 

. 29 

Total, 54. 

22 


Left. 

. Main bronchus 
. Upper bronchus 

. Lower bronchus 
. Not stated 


Chart IV, — Duration of Sy'mptoms Before Hospitaeization. 


Time. 

0 to 3 mos. 

3 to 6 mos. 

6 mos. to 1 yr. 

1 to 2 yrs. 

2 to 3 JTS. 

3 yrs. or more 
Undetermined 


Number of 
cases. 

. 11 

. 1.3 

. II 

. 3 

. 4 

. 3 

9 


The usual mode of onset was that of an insidious, afebrile piil- 
monart' picture. In 16 cases (30%), the onset was atypical, o 
these, 5 were admitted to the hospital with a diagnosis of pneumonia 



WASCH, EPSTEIN*. BRONCHOGENIC CARCINOMA oOO 

and 1 as acute cardiac decompensation. Five complained of S3^mp- 
toms referable to osseous metastases, 2 to symptoms of cerebral 
involvement, 1 to dysphagia caused by mediastinal metastases, 
1 because of jaundice caused by occlusion of the common bile duct 
by a metastatic deposit adjacent to the head of the pancreas, and 
l' presented a massive thrombosis of the venous circulation of the 
neck, chest, shoulders and arms. 

Symptoms. A study of the symptoms, according to age groups. 


is presented 

in Chart V. 







Chart V. 

—Symptoms. 



Age 



Chest 

Weakness 


Hoarseness. 

groups. 

Cough. Hemoptysis. 

pain. 

and loss of 
weight. 

Dyspnea. 

0 to 9 . 

. 0 

0 

0 

0 

0 

0 

10 to 19 . 

. 2 

0 

1 

1 

0 

0 

20 to 29 . 

0 

0 

0 

0 

0 

0 

30 to 39 

. 4 

2 

3 

2 

2 

4 

40 to 49 

. 11 

S 

9 

8 

6 

2 

50 to 59 

. 16 

9 

14 

13 

8 

1 

60 to 69 

. 15 

9 

12 

11 

9 

3 

70 to 79 . 

2 

0 

1 

2 

0 

0 




— 

— 

— 

— 

— 

Totals 

. 60 

28 

40 

37 

■ 25 

10 


Cough, usually attributed to a bronchitis, occurred in 92% of 
the cases, and was the most frequent, as well as the earliest symptom. 
The severity of the cough varied from a sliglit, unproductive, irritat- 
ing hack to severe harrassing paroxj'sms with purulent, blood- 
streaked expectoration. The severity of the cough was not indica- 
tive of the extent of the lesion, but in the main was dependent upon 
the degree of endobronchial obstruction and irritation. However, 
cases were noted in which the cough was minimal in the presence of 
a completely stenosing lesion. These, in the main, presented a 
diffuse luminal encroachment of the bronchus by peribronchial 
invasion. 

Exceedingly profuse foul-smelling sputum was not encountered 
in this series. In no instance did we find that the usually accepted 
clinical picture of lung abscess overshadowed that of the broncho- 
genic neoplasm, although distal pulmonary suppuration was fre- 
quently found at bronchoscopy and necropsy. 

Blood-streaked sputum and the occasional loss of a small amount 
of blood was present in 52% of our series. Frank hemorrhage was 
uncommon. 

Chest pain was encountered in 74% of the cases. At the onset, 
it was^ mild in nature, but progressed, in some instances to the 
agonizing intense and persistent pain of extensive pleural involve- 
ment. tt'e look with great suspicion upon those afebrile subjects 
who present chest pain, when associated with a hacking, unproduc- 
tive cough. 

^ Loss of weight and weakness were observed in 72 % of the patients. 
Neither was appreciably present before the sixth month of the 
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disease. They are, as a rule, manifestations of well-advanced cases. 
The relative rarity of cachexia was so striliing that it is deserving 
of special comment. 

Dyspnea was also a relatively late symptom, arid is probably due 
to extensive pulmonary involvement, mediastinal metastases or 
fluid. ,It occurred in 46% of our series. Hoarseness was present 
in but 18%, and may be ascribed to involvement of the recurrent 
lar 3 mgeal nerves bj’’ secondarj'- deposits. 

Four cases were incorrectly diagnosed; 2 were attributed to 
tuberculosis, and proved to be bronchogenic carcinoma at autopsy". 
In the third instance, the initial diagnosis of upper lobe tuberculosis 
was onlj'- eventually disproved after 4 bronchoscopies had been 
performed and a suecessful biopsy was obtained from the right 
upper bronchus. This tumor was unusually radiosensitive, and the 
improvement with radiotherapj’- was so remarkable over a period 
of 2 jmars that the diagnosis was questioned up to the time of the 
conclusive biops 3 ^ The fourth case was diagnosed as a carcinoma 
of the thyroid with multiple metastases. At necropsy, a silent 
primary bronchogenic neoplasm ivas found. 

In some instances, metastases overshadowed in significance the 
pulmonarj’’ symptoms, and were the first indication of the presence 
of malignanc 3 ^ Rogers^ states that as manj^ as 44% of a series 
of 50 cases had initial symptoms caused by metastases. We have 
found tills to be true in 18% of our cases. In 1 of these, the pri- 
mary bronchial lesion was almost imperceptible, but the patient 
presented a well-advanced picture of intracranial metastatic malig- 
nanc.y. We have found no relationship between the size of the 
primarj'^ focus and its propensity to metastasize. 


Ghaut VI. — Metastases. 

Autopsies, 20. 

Glandular 

Bone 

Liver 

Lung 

Adrenal 

ICidnoy 

Pleura 

Pancreas 

Spleen 

Skin . 

Brain 

Thyroid 

Heart 

Venous thrombosis . 

Gall bladder . . . 

Stomach 


11 

9 

S 

5 

6 
6 
5 
4 
3 
2 
2 -. 
2 
3 
2 
1 
1 


In our series of 20 cases with necropsj' findings, metastases 
(Chart VI) to the hilar, mediastinal and cervical lymph nodes were 
most frequently’ encountered with bone, lung and pleura, 
adrenal, kidney’ and brain, following in the order mentioned. The 
mesenteric glands were also occasionally involved. Skin metastases 
were present in 2 of our necropsied cases (10%), and 5 of our total 



Fig. 1.— Group 1. Early. Hilar involvement, with secondary parenchymal 
infiltration. No elevation of the diaphragm; no fluid nor retraction of mediastinum, 


-. Group 1. Early. A sharply circumscribed, dense hilar opacity, with no 
p:irench>Tnal involvement; no diaphragmatic nor mediastinal displacement. 





Fig. 4. — Group 11. Moderately advanced. Atelectasis resulting from a broncho- 
genic carcinoma of the right main bronchus in a child 12 years of age. 





Fig. 5. — Group III. Advanced. Formerly considered alveolar type. Note marked 
elevation of diaphragm and diminution in size of lung field. 



Fig. 0.— Group III. Advanced. Deviation of trachea toward airected side, 
loss of diaphragmatic shadow in overlying effusion, shift of mediastinum ton a 
affected side, compensatorj’ emphs'sema of right lung. 
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series. They appeared as small, hard, nodular deposits, confined 
mainly to the thorax and upper extremities, with normal overlying 
skin. The relative frequency. is worthy of comment. 

Once the symptoms become well established, the course, in most 
instances, is progressively down grade and most discouraging. 
Thirty-seven of our cases have died, 29 within 1 year after the 
diagnosis was established, 7 within 3 years and 1 after 10 years. 
The latter proved to be an angioendothelioma of the right main 
bronchus. It is questionable whether this case should be considered 
in the malignant group. 

The radiotherapeutic results have been very discouraging, since 
in most of those treated, the disease was so far advanced, relief 
was all that could be hoped for. We were occasionally encouraged 
by the subsidence of cough and improvement in the radiographic 
picture; this was looked upon as due to diminution in the size of 
the neoplasm, ydth resultant improved drainage. We recognize, 
however, that an atelectatic area may at times aerate spontaneously. 
Two cases yielded more satisfactory results. One, a man, aged 60, 
was in comfort for 2 years, and the second, a boy, aged 12, is still 
attending school, the diagnosis having been established 3 j^ears ago. 

Our results of the treatment of osseous metastases have been 
more gratifying. In several instances, ossification of the rarefied 
neoplastic areas occurred, with complete subjective relief. 

Surgery also leaves much to be desired. Those cases which 
present evidence of neoplastic hilar involvement are obviously too 
far advanced for satisfactory results. Since 72% of our series 
presented evidence of root infiltration, and in many of the other 
cases this finding was obscured by overlying fluid, one readily sees 
how restricted the field for surgery becomes. Those cases are best 
fitted for radical intervention dn which the lesion is confined to a 
minor bronchus or the parenchyma, and which appear on tlie 
roentgenogram as an isolated, well-defined infiltrated area within 
the lung substance, preferably near the periphery. i 

Analysis of Roentgenologic Pulmonary Findings. - (Chart VII.) 
A roentgenographic examination was made in 51 cases; in 44 of 
these the films were available for study. They were grouped 
according to the degree of pulmonary involvement from the following 
criteria; 

Chaht VII. — Analysis of Roentgen-hay' Findings. 


Number of cases ....... 

Neoplastic hilar involvenient 
Hilar plus socondarj' bronchial infiltra- 
tion 

Diminution of size of aflcctcd Iuiib field 
Elevation of diaphragm 
Retraction of mediasUnum 

Fluid ; ■ 

Rilateral hilar infiltration 


Early. 

Modcratelj' 

.advanced. 

Advanced. 

Total. 

14 

11 

19* 

44 

12 

10 

10 

02 

9 

11 

11 

.31 

1 9 

11 

15 

35 

1 

11 

10 

22 

0 

1 

10 

11 

0 

1 

12 

13 

2 

s 

9 

19 

of effusion. 
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1. Neoplastic hilar involvement— the presence of a definitely 
visible, unilateral circumscribed hilar shadow. 

2. Hilar involvement plus invasion of the bronchial tree, extending 
radially into the parenclijona. This is looked upon as indicative 
of (a) venous engorgement, (b) bronchial infection, (c) peribronchial 
neoplastic invasion, (d) or the earlier degrees of bronchial stenosis. 
In most instances the findings are due to a combination of these 
factors in vav^’ing degrees. 

3. Diminution in size of the affected lung field, the result of 
partial or complete atelectasis from bronchial obstruction. 

4. Elevation of the diaphragm on the affected side, due to pul- 
monary atelectasis or secondary to inclusion of the phrenic nerve 
by mediastinal metastatic involvement. 

5. Retraction of the mediastinum toward the affected side. 

6. The presence or absence of fluid. 

7. Bilateral hilar infiltration— in the presence of . a definite uni- 
lateral lesion, increase in the size of the contralateral hilar shadow 
is indicative of secondary infection or metastatic involvement. 

8. Bronchography by means of iodized oil. 

9. Artificial pneumothorax. Bronchography and artificial pneu- 
mothorax are special radiographic procedures’"* occasionally em- 
ployed and are strictlj^ hospital measures. The former may be 
performed by the bronchoscopist at the time of bronchoscopic 
examination (active method); we, however, have obtained more 
satisfactory results by anesthetizing the faucial pillars and pharynx 
followed by direct instillation of the iodized oil under the fluoro- 
scope (passive method). This procedure permits better visualiza- 
tion of that particular portion of the lung field under suspicion. 
Its chief value lies in the demonstration of a complete bronchial 
stenosis; in early cases without blockage it is of little value. Of 
the 13 cases so studied in our series, bronchial obstruction was 
demonstrated in 6 instances (46%). 

The chief value of artificial pneumothorax lies in the demon- 
stration of deposits in the parenchyma or on the pleura, and may 
occasionally be of help in diagnosing a lesion in a smaller bronchus. 
We have 1 such case in our series. 

With large pleural effusions more decisive roentgenograms may 
occasionally be obtained immediately after thoracentesis. , Tlie 
microscopic examination of the sediment of the aspirated fluid is 
of great value, hlalignant cells were demonstrated in 7 of 17_speci- 
mens examined. In 4 of these instances it was the first evidence 
of conclusive proof of the existence of pulmonary malignancy; in 
the remaining 3 it was confirmatory evidence after the diagnosis 
had been established by other mean's. 

We find, from a study of these criteria, that bronchogenic carci- 
noma can be divided into early, moderately advanced and advanced 
cases. This classification is essentially an anatomico-pathologic one, 
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based upon the bronchial growth and its resultant pathology. It 
is not to be considered strictly clinical, although in the main the 
clinical course runs quite parallel. Fried, ^ whose classification we 
would follow mainly, found it difficult to classify these tumors 
from a gross pathologic viewpoint, but came to the conclusion that 
the tumors could be divided into an early and a far-advanced group. 

Based upon the radiographic studies, we suggest the following 
classification: 

1. Early. Hilar opacity with little or no fuzzy parenchymal 
infiltration. Size of lung field normal or slightly diminished. 
Absence of pleural fluid. Rarely, a localized small parenchymal 
deposit independent of the hilar shadow. 

2. Moderately Advanced. As above, with the addition of 
definite inequality of the lung fields, elevation of the diaphragm, 
slight or moderate parenchymal involvement, occasionally medi- 
astinal retraction, pleuritis and, more rarely, a small amount of 
pleural exudate. 

3. Advanced. Hilar and pronounced parenchymal infiltration. 
Retraction of the mediastinum toward the affected side. Lung 
shrinkage, elevation of the diaphragm. Fluid frequently obscuring 
the entire radiographic picture. 

Group I. Early. Fourteen (32%) of the 44 cases available for 
study fall into this group. Slight diminution in the size of the 
involved lung field was present in 9 of the cases in this group. ■ No 
retraction of the mediastinum was observed. The only constant 
finding was the presence of a hilar opacity, with moderate secondary 
peribronchial infiltration (Figs. 1 and 2). 

Group II. Moderately Advanced. There are 11 cases (25%) in 
this group. They showed a definite diminution in the size of tlie 
affected lung and elevation of the diaphragm. Retraction of the 
mediastinum was present in but 1 instance; fluid also was noted 
but once (Figs. 3, 3a, 4 and 4a). 

Group HI. Advanced. Nineteen (43%) of our series are in this 
group. Fluid was a frequent finding, in many instances completely 
obscuring the radiographic picture. Retraction of the mediastinum, 
with elevation of the diaphragm, was noted in about half of the 
cases. The presence of both these signs is usually indicative of a 
stenosing bronchial lesion, with concomitant atelectasis. Hilar 
opacities with marked peribronchial involvement, often sufficiently 
dense to obliterate lung markings, are frequently seen when not 
obscured by the overlying pleural fluid (Figs. 5 and 6). 

Films were available for study in 17 of the 20 necropsied cases. 
Comparing the extent of the lesion as diagnosed by Roentgen ray 
with the gross pathologic findings, we find agreement in 12 caseL 
Two cases diagnosed as moderately advanced by Roentgen ray ivere 
found to be rather extensive; 1 case diagnosed as advanced was 
found to have been caused by a polyp; and 2 cases were missed 
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completely Roentgen ray^ 1 of B'^liicli B^as found to have a small 
retrocardiac lesion in the left minor lovmr bronchus, and the other 
presented a minimal lesion in a main bronchus, the presence of ivhieh 
had been unsuspected. 

Conclusions. Fifty-four proven cases of primarj" bronchogenic 
carcinoma are reported, with an analysis of the symptoms. We 
have suggested, from a radiographic standpoint, a classification 
into three groups— early, moderately advanced and advanced; 
criteria for each division have been presented. 

Of 51 cases studied roentgenographically, in 23 instances a positive 
diagnosis was made; in 12, the diagnosis was suggested. Pleural 
effusion obscured the findings in 4. The diagnosis was not made 
in the remaining 12 cases. 

Of the above cases, 31 v'ere bronchoscoped; in 26 of these the 
diagnosis was conclusively established. Three cases in vdiich the 
diagnosis was not made were unusual in that the lesion occurred in 
a subdivision of the znain bronchus and was, therefore, inaccessible 
to the bronchoscope; in 2, no biopsj'^ nms taken. 

Our statistics show that bronchoscopy is the most valuable and 
positive single diagnostic aid. However, since roentgenograms are 
readily obtained and entail no discomfort to the patient, a Roentgen 
ray studj'- should be the initial diagnostic procedure. Though the 
film may be negative, bronchoscopy should be urged in all cases in 
which there is a suspicious clinical picture. It is precisely these 
very early lesions, not demonstrable by Roentgen ray, that may be 
most benefited by treatment. 

The outlook for a patient with bronchogenic carcinoma is, indeed, 
discouraging. Until recently, the prognosis vms invariably fatal. 
Within the past few years, more encouraging reports have appeared 
in the literature. It is impossible to state ndiether the future 
method of treatment will be surgicab'^’'’^ or radiotherapeutic,'"'’® 
or a combination of both.^' The important problem is to diagnose ■ 
the case sufficiently early in order to allow' surgical intervention or 
efficient radiotherapy. The disease is norv passing into that stage 
of its history wdzere the diagnosis is no longer sealed wdth a forlorn 
hope, but rather by its early detection opens the possibility of radical 
or palliative therapy. It is with this in mind that w'e review'ed our 
material and proposed the aforementioned classification. 
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ESTIMATION OP BASAL METABOLIC BATE FROM PULSE RATE 
AND PULSE PRESSURE. 

By Bernard I, Comboe, M.D., 

INSTllPCTOB IN MEDICINE, UNIVEESITY OF PENNSYLVANIA MEDICAL SCHOOL, 

PHILADELPHIA, PA. 

(From the Thyroid Section of the Hospital of the University of Pennsylvania.) 

Although the determination o£ the basal metabolic rate is now 
-within the reach of most internists following the recent improve- 
ments in the technique and cost of the necessary apparatus, there 
remain a considerable number of physicians who do not find it 
convenient for financial or technical reasons to install such appara- 
tus in their offices. Read' has attempted to calculate the basal 
metabolic rate from determinations of the pulse and pulse pressure. 
It can be appreciated that a formula for accurately predicting the 
basal metabolic rate in a large percentage of cases, with minimal 
error, would prove useful to the general practitioner. 

Investigators had previously discussed the relationship between 
basal metabolism and pulse rate-"** and the increase in pulse pressure 
accompanying an elevated metabolic rate.®-® Rough estimations 
of the B.hI.R. from the pulse rate and blood pressure had been 
attempted frequently. Assuming that the pulse and blood pressure 
changes may in many instances reflect quantitative variations in 
the amount of work done by the circulatory system in transporting 
oxygen, Read attempted to correlate these findings with the B.IM.R. 
Three hundred determinations of the B.M.R. were made using the 
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Sanborn Benedict portable calorimeter; in all instances estimations 
of the blood pressure and pulse rate were also made. From these, 
Head computed coefficients of correlation between the various 
factors, and derived a multiple prediction formula for the estima- 
tion of the B.jM.R. as follows; 

■ B.M.R. = 0.683 (P.R. + 0.9 P.P.) - 71.5 

where P.R. is the pulse rate and P.P. the pulse pressure. He found 
that in 300 cases, when pulse rate and pulse pressure were estimated 
under the same basal conditions as were required for the determina- 
tion of the B.M.R. that the latter could be calculated with an 
error not more than 10% in 60% of the cases; 91% of the cases 
showed an error not more than 20%. He concluded from his observ- 
ations that most indimduals respond to variations in metabolic 
rate with proportionate changes in pulse rate and in pulse pressure; 
a few showed disproportionate changes in the one with little or no 
change in the other; and that a combination of the two gives a 
better measure of the circulatory system’s response to variations in 
metabolic rate than either alone. In all of these calculations, he 
excluded patients with a systolic pressure over 160 (except 3 mung 
patients with marked toxic goiter) because this was attributed in 
most instances to pathologic changes in the cardiovascular-renal 
S 3 ’’stem and not to a physiologic response of the circulatory system 
to increased metabolism; also omitted were patients with auricular 
fibrillation or other cardiac arrhythmias. 

Several years later, the formula was modified (on the basis of a 
greater number of estimations) .to the following P 

B.M.R. = 0.75 (P.R. + 0.74 P.P.) -72 

At a later date. Gale and Gale,® studying over 1000 cases, deveh 
oped a simpler prediction formula: 

B.M.R. = P.R. + P.P. -111. 

which, in their hands, gave more accurate results than the Read 
formula. 

Certain investigators hai'e found results similar to those of 
Read®~i® while calculations bj' others were quite at variance.’ 
Rosenberg’® commented on the observation that when the B.M.R. 
rose above 45 per cent, the calculated value (Read) tended to fall 
below the B.M.R. Kemeny’^ called, attention to the parallelism 
of actual and estimated B.M.R. chiefly in cases approaching the 
normal. Bertheau” stressed the accuracy of the formula m cases 
of M-poth^Toidism; Cameron ei found the formula to be inaccur- 
ate "in children, which has been attributed to the increased and 
labile pulse rate in childhood. 

hlore recently Read and Barnett^^ have reinvestigated this prob- 
lem, taking into consideration the surface area, age and sex of the 
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individuals. It has been shown that heat production and cardiac 
minute volume parallel each other rather closely. Minute volume 
can be roughly estimated clinically from the pulse rate and pulse 
pressure. It was found that the products of the pulse pressure and 
pulse rate were higher and the heat production lower in women than 
in men. Separate formulse were then derived for the two sexes. 
By means of correlation tables, the following formulae were deter- 
mined. 

P-R- X I’-i’- , 

Men: Cals./sq. meter/hr. = + 27 

3 X P.R. X P.P. . 

Women: Cals./sq. meter/hr. = + 24 

From these the basal metabolic rate is then calculated in the usual 
manner as the percentage above or below the fixed normal standards 
for a given age and sex. In 100 consecutive cases (21 males and 79 
females), Read and Barnett found the following: 

Error not more than: 

5% 10% 15% 20% 2.5% 

59 78 94 98 100 

It must be remembered that the above error signifies the differ- 
ence between the observed and the calculated rates expressed in 
per cent delation from normal— i. e., if the observed' B.M.R. 
were +20 and the calculated +25, the error is considered a 5%. 

A series of 100 ambulatory patients (88 females and 12 males) 
was studied in this hospital. From these were excluded all patients 
with arrhythmias, hjqiertension, or other cardiovascular disturb- 
ances which produce alterations in the pulse rate and pulse pressure 
obviously not caused by changes in blood flow. Basal metabolic 
rates were determined in the usual way by the Sanborn Benedict 
apparatus, and at the same time, determinations were made of the 
blood pressure and average pulse rate; all determinations were made 
under basal conditions. From these data, the B.M.R. was cal- 
culated by three methods (Read-Barnett, Read formula 1924, and 
Gale and Gale). The results may be summarized as follow: 

Deviation from the observed B.M.R. not more than: 



5% 

10% 

15% 

20% 

25% 

Correlation cocflicicnt 
observed: predicted. 

ncad-isarnctt Fomuiia 

1. U. of P. data . . 

. 41 

67 

87 

93 

98 

0.845 

2. Road-Bamett data 

. 59 

78 

94 

98 

100 

Read For77niJa (1924) 

1. U. of P. data 

. 38 

67 

86 

92 

96 

0.807 

Gate and GaJc For77iula 

1. U. of P. data 

. 35 

54 

75 

84 

92 

0.820 

2. Gale and Gale data 

. 27 
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Using standard statistical methods, it is found that there is no 
significant difference between the results obtained by the three 
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methods in our series of 100 patients. The correlation coefficient 
between pulse rate alone and B.M.R. was 0.623. 

Discussion. The estimation of B.M.R. from pulse-rate and pulse- 
pressure data is crude, for once in 10 or 20 cases an individual pre- 
diction will be 20 % too high or too low. This renders the method of 
little use clinically. In our series of 100 cases the various equations 
are not significantly different in the correlation they give with the 



Eig. 1. — Nomogram for estimation of basal metabolic rate in females by means of 

Read-Bamett formula. 


observed basal metabolism. The importance of disturbing factors 
not included in the formula is so great that attempts to refine the 
formula or to select the best are rather futile. If one desires to use 
the Read-Barnett formulfe, they can be used most conveniently in 
the fonn of a nomogram, as shown in Figure 1. The results are 
read directly in cals./sq. meter hr., which result is then compared 
with the standard accepted reading for indmduals of that age and 
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sex, and the B.M.R. calculated as the percentage of the reading 
above or below the accepted standard. Gale and Gale’s rule, easily 
remembered and requiring only mental arithmetic, gives results not 
significantly less good. 

Conclusion. 1. The B.M.R. cannot be predicted from pulse 
rate and pulse pressure with significant accuracy and consistency 
to render the method a substitute for measurement by indirect 
calorimetry. 

2. Gale and Gale’s rule can be conveniently memorized and used, 
and in our hands gave resultsnot significantly less accurate in 100 
cases than the more elaborate calculations of Ilead and Barnett. 

3. If calorimetric estimation of the B.M.R. is not possible because 
of technical or financial difficulties, calculation of the B.M.R. from 
pulse pressure and pulse rate data is more accurate than attempt- 
ing to guess this figure from either observation taken separately. 

4. If one wishes to employ the formulae of Read and Barnett, the 
use of nomograms is recommended. 

We are indebted to Dr. J. Harold Austin for assistance in our statistical analysis 
and preparation of the nomogram. 
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ANGINA PECTORIS AND HEART BLOCK, 

As Symptoms of Calcareous Aortic Stenosis. 

By Ernst P. Boas, M.D., 

ASSOCIATE PHYSICIAN, MT. SINAI HOSPITAl,, NEW YORK CITY', 

(From the Medical Service (Dr. George Baehr), Mt. Sinai Hospital.) 

In recent years much attention has been directed to aortic stenosis 
caused by calcific lesions of the semilunar valves. That the lesion 
is not rare is shown by various statistical studies. Thus McGinn 
and White* found aortic stenosis in 1.8% of 6800 autopsied cases 
of all types of disease. Yet the diagnosis was made in only i of the 
cases. This is a common experience. The classical physical signs 
are often lacking, and no distinctive symptomatology has been 
described. 

I wish here to stress the frequency of the syndrome of angina 
pectoris and of conduction disturbances in patients with aortic 
stenosis. Not a few isolated reports of this association appear in 
the literature, but it has not been adequately emphasized. Years 
ago Allbutt^ remarked that angina pectoris is not uncommon in 
patients with aortic stenosis. Mackenzie^ believed that steno- 
cardia in patients with aortic stenosis was due to associated changes 
in the heart muscle. Cabot^ writes, “In its clinical picture aortic 
stenosis is peculiar not onty in its proneness to occur in elderlj" men, 
but also in the frequency of precordial pain, of faintness on exertion, 
and of angina pectoris.” McGinn and White note that 19% of their 
patients ivith aortic stenosis had angina pectoris. Margolis® reports 
42 patients with aortic stenosis of Yvhom 4 had angina pectoris. 
Tuohy and Eckman" point out that anginal seizures can occur in 
such patients Yvhose coronary arteries are normal. 

I have records of 19 private patients with aortic stenosis. Of 
these 4 had classical angina pectoris. The greater frequency of the 
anginal sjmdrome in a clinical rather than a pathologic series of 
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cases is understandable, because in many instances aortic stenosis 
gives rise to no symptoms and the patient dies of some intercurrent 
disease. 

Case Abstracts. Case 1. — A. K., a woman, aged 63, was first seen when 
she was 53, at winch time she had no symptoms referable to her heart. 
She had no rheumatic history, but had had frequent sore throats. The 
heart was not enlarged. There was a rough systolic murmur at the aortic 
area, which was transmitted upward to the neck. The heart sounds were 
of good quahty. The pulse was regular and full. The blood pressure was 
90/75. 

Three years later she noted for a time occasional substemal oppression 
on exertion. The same symptom recurred for a short period 2 years later. 
At 60 this symptom became more disabling and constant. Climbing stairs 
or walking uphill provoked a pressure sensation under the sternum which 
radiated to the shoulders and up the neck and compelled her to stop until 
the pain was relieved. Examination at this time revealed a heart consider- 
ably enlarged to the left, with a heaving apex beat in the anterior axillary. 
Une. There was a systolic thrill in the second and third interspaces, to the 
right of the sternum. Here a rough systolic murmur, and a musical dias- 
tolic murmur were audible. The latter was transmitted down the sternum. 
There was a systolic murmur at the apex. 

The anginal symptoms persisted. Tliree years later increasing shortness 
of breath and a sense of oppression in the chest developed rather quickly, 
and the patient became bedridden. Examination revealed marked dys- 
pnea and orthopnea, with bilateral massive hydrothorax, but no ascites nor 
edema. The heart findings were unchanged. On about the tenth day of 
this acute illness, shortly after being transported to a hospital, she suddenly 
experienced agonizing pain over the precordium, which radiated down the 
left arm, her face turned an ashen gray and there was leaden cyanosis of 
the lips. She was very restless, and vomited several times. She became 
unconscious and died within 40 minutes. It was thought that she had had 
an acute coronarj'^ occlusion. 

The electrocardiogram taken 3 years before death showed negative T 
waves in all leads. A year later, marked left axis deviation w^as noted. 
In addition, occasional records showed marked variation in the character 
of the Q-R-S complexes. They had a supraventricular origin, but were 
aberrant in form, often changing from beat to beat. At one time the elec- 
trocardiogram showed transient bundle-branch block. 

Axdopsy (Dr. S. Jacobson, 4^ hours after death). The heart V'eighed 
430 gm. There was marked hj’pertrophy of the left ventricle. All of the 
valves except those at the aortic orifice were normal. The cusps of the 
aortic valves were extremelj'^ calcified and thickened, vdth irregular calcified 
yetretations. The opening between the aortic valves was very small and 
rigid, measuring barely 2 mm. in diameter. The arteriosclerotic process 
did not involve the mouths of the coronary arteries. The coronary arteries 
themselves were straight and soft, with minimal sclerosis. There was no 
thrombus in these arteries, and there was no cardiac infarction. There 
was only very slight atheroma of the aorta. There were no gross scars in 
the myocardium, but there was some microscopic increase in the interstitial 
connective tissue. 

Case 2. — A man, aged 44, had had frequent attacks of tonsillitis as a 
boy. He had had no arthritis. At 24 he was rejected by an insurance 
company because of a heart lesion; 5 years later he began to be slightly 
shor^yinded, and to experience occasional sticking apical precordial pain 
on hftmg objects. Two years prior to his first Aisit he commenced to experi- 
ence a pinching sensation near the apex of the heart on exertion and on 
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excitement. Six months later attacks appeared in which the left hand 
would become icy cold, and this would be followed by a pressing pain along 
the inner aspect of the forearm. Of late this symptom had become worse. 
Particularly in the morning when he left the house after breakfast the left 
forearm became cold and he experienced a sense of pressure to the left 
of the sternum which compelled him to stop. He experienced similar pain 
on intercourse. 

Examination showed a well-built man with slight cyanosis of the lips. 
The lungs were clear. The liver was not enlarged. Fluoroscopy ’revealed 
a huge left ventricle, the apex extending to the axilla. The other chambers 
were normal. The apex beat was forceful. At the aortic area there was a 
systolic thrill and a rough systolic murmur. A diastolic murmur was beard 
at the aortic area and transmitted to the apex. At the apex there was a 
loud S3''stolic murmur which was transmitted to the axilla. The blood 
pressure was 110/65; the pulse was rather small. The electrocardiogram 
showed left axis de^^ation and sharply negative deep T waves in Leads I 
and II. 

. _ He has been under observation for 2 years following his initial examina- 
tion, and the sjmptom of left parasternal pain on excitement or on exertion 
which compels him to stop his activities has persisted. 

Case 3. — M. I., a man, aged 48, had had gonorrheal artlmitis 25 years 
previously. There was no rheumatic history. He had frequent sore 
throats until tonsillectomy was performed 5 years prior to his first examina- 
tion. He had obtained insurance at the ap of 28, but 8 years later had 
been rated up for a murmur. Four years prior to his examination he began 
to experience attacks of substernal oppression which radiated to. the neck 
and down both arms, associated isfith a choking sensation and difficulty in 
breathing. These attacks occurred on walking. They appeared more 
readily in cold or windy weather. The attacks gradually became more 
frequent and more severe, so that at the time of examination he could 
walk only a block before being compelled to stop. During the 8 previous 
months he had had a number of spontaneous attacks of similar pain at 
rest. 

He was a well-built man of good color. The lungs were clear. The liver 
was not enlarged. Fluoroscopy revealed considerable enlargement of the 
left ventricle and of the left auricle, and slight general dilatation of the aorta. 
The first heart sound was of good quality. There was a musical systolic 
murmur at the apex. There was a faint systolic tlirill and a rough systolic 
murmur at the aortic area. Here there was also heard a diastolic murmur 
which was transmitted to the apex. The blood pressure was 130/90; the 
pulse was small. The radial arteries were not sclerotic. The electrocar- 
diogram showed only left-axis deviation. 

Case 4. — E. K., a man, aged 37, had had several attacks of rheumatic 
arthritis as a young man and a heart lesion discovered at about the age of 
20. He had had few symptoms referable to the heart, but recently had 
tired easily and had noticed some shortness of breath on walking rapidly, 
and had had several attacks of faintness. 

He was a well-built man. Tlie lungs were clear, the li%^er _not enlarged. 
Fluoroscopy revealed moderate enlargement of the left ventricle and sonie 
dfiatation of the ascending aorta. There was a systolic thrill at the aortic 
area, as well as a rough systolic murmur. A diastolic murmur was also 
heard here and transmitted along the left sternal margin. At the apex 
there was a sj'stolic murmur transmitted to the axilla. The blood pressure 
TiV3s 120// 0* 

For about IJ years foUovdng the first examination there was little change 
in his condition. He experienced frequent joint pains in the ankles, nrists 
and fingers, and occasional shooting precordial pain, worse on exertion. 
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He never had fever. His heart .rate always ranged around 90. At this time 
he took 16 cc. of tincture of digitalis in 3 days, and on the fourth day felt 
very faint and experienced soreness in the precordium, which radiated down 
the left arm. Examination revealed complete heart block, with a ventricu- 
lar rate of 50, an auricular rate of 100, and many extrasystoles. Four days 
later normal rhytlrm was restored. 

Following this he was quite inactive and felt well for 3 months, when 
one night he awakened with precordial pain which radiated down the left 
arm and which lasted all the following day. He felt very weak. For a few 
days previously he had experienced fleeting pains in the joints and a slight 
sore throat. Examination revealed no change in the physical findings. 
There was normal sinus rhythm, with a heart rate of 90 to 100. No fever 
followed this upset, but he felt weak and the precordial pain occasionally 
recurred. One week later the rate suddenly dropped to 60, and the day 
following to 48, and the electrocardiogram again revealed complete heart 
block. ' At tills time he complained of pain in the left arm. _ Ever since 
then there have been frequent spontaneous changes in the cardiac mechan- 
ism, from sinus rhythm to partial heart block to complete heart block. 
At rest there was the usual sinus rhythm, with a heart rate of 80, but walking 
caused a drop in rate to 60 with the appearance of heart block and occasional 
pain in the left arm. The sedimentation rate of the red blood cells at this' 
time was 3 hours. 

About 1 month after the first appearance of the heart block he began 
to experience precordial oppression radiating down the left arm, on walking 
about a block. This symptom persisted ever after, and indeed gradually 
became more sei^ere. The appearance of heart block on exertion too was 
common. 

Three years after he was first examined, and 13 months after the first 
appearance of heart block, he developed a fulminating lobar pneumonia 
involving both lower lobes. On the third day he suddenly complained of 
intense epigastric pain. His color became ashen, the pulse feeble, and he 
died after about 1 hour. No autopsy w'as obtained. 

Case 5. — D. C., a man, aged 34, who had never had rheumatic fever or sore 
throats, had been told at 24 years of age that he had a vahmlar lesion. 
He had had no symptoms referable to the heart until 6 weeks previously, 
when he noted substernal pressure, dyspnea and orthopnea wliich pre- 
vented him from falling asleep. These sjTnptoms had persisted. 

Examination revealed a rather pale man, not dyspneic at rest. The lungs 
were clear. The liver extended 3 finger breadths below the costal margin. 
Fluoroscopy revealed huge enlargement of all of the chambers of the heart, 
particularly of the left ventricle, with some fuUness of the pulmonary conus. 
The aorta was small. The first heart sound was of good quality, and at the 
apex there was a loud systolic murmur which was transmitted to the axilla. 
At the aortic area there was a systolic thrill, and a rough systolic murmur 
was audible. A diastolic murmur -was heard alone the left sternal border. 
The heart rate was 36, with frequent extrasystoles. The electrocardiogram 
revealed complete heart block, nith ventricular extrasystoles. The blood 
pressure was 170/80. 

The patient did well on diuretics, particularly of the mercurial tjqre, 
but heart failure recurred and he finally died of that condition If. years 
after his first visit. Complete heart block had persisted during this whole 
penod. 

No autopsy obtainable. 

Case 6,— H. (No. 374S3T), a xvoman, aged 52, had had no rheumatic 
episodes. For 20 years she had had intermittent swelling of the ankles. 
Diabct^ was discovered 2.1 years prexdously. For the past year and a half 
she had experienced gradually increasing dyspnea on exertion, and occa- 
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sional attacks of nocturnal dyspnea. Two months previously she began to 
have an unproductive cough, which persisted. Five days before admission 
to the hospital she was awakened from sleep by an attack of severe dyspnea 
and orthopnea, vnth sharp precordial pain which radiated to the back, was 
aggravated by cough and relieved by lying down. The pain and dyspnea 
lasted an entire day. She was then up and about. On the night before 
admission to the hospital she was again seized noth intense dyspnea and 
precordial pain. 

Physical Examination on Admission. She was profoundly dyspneic and 
cyanotic, perspiring profusely, with frequent cough, and looked acutely ill. 
There were moist rales throughout both lower lobes. The heart was slightly 
enlarged. The first sound was feeble, the puhnonic second sound accen- 
tuated, and there was gallop rhythm at the apex. The pulse was very 
weak and rapid. The blood pressure was 160/100. The liver was felt 4 
finger breadths below the costal margin. The white blood cell count was 
normal. She did not rally. Her condition grew progressively worse; she 
became comatose and died on the fourth day after admission. 

On the day following admission the blood pressure dropped to 94/78. 
The temperature ranged from 101 to 104, and finally reached 106° just 
before death. The urine was normal except for a trace of albumin. The 
Wassermann reaction was negative. The blood urea was 22 mg. per 100 cc. 

The electrocardiogram on the day of admission showed left axis deviation, 
slurring of the Q-R-S complex and low T waves in aU leads. Three days 
later the voltage of the electrocardiogram was lower, the slurring of the 
Q-R-S w'as more marked, and' the T wave in Lead IV became isoelectric. 
The clinical diagnosis was coronary thrombosis. 

Autopsy (Dr. Bernheim, 10 hours after death) . The heart weighed 500 gm. 
Tliere was marked dilatation, particularly of the right auricle and right 
ventricle. The aortic cusps were rigid, calcifie and markedly thickened. 
The right and posterior cusps were fused. There was marked narrowing 
of the aortic orifice. The coronary ostia were wde open, and the coronary 
arteries were patent throughout. There was a mucopurulent bronchitis 
and tracheitis. There was marked acute passive congestion of the viscera, 
a small hydrothorax, and ascites. 

Comments. The first 4 cases illustrate the gradual development 
of the anginal syndrome ivith the progress of the aortic narrowing. 
In Case 1 the evolution of the symptoms paralleling the advancing 
vahnilar lesion is particularly striking. In this case, too, the autopsy 
revealed essentially normal coronary arteries. 

On the basis of the prevalent theory that the anginal syndrome, 
is caused by anoxemia or ischemia of the heart muscle, the mechan- 
ism in these cases is readily understandable. The blocking of the 
blood flow to the myocardium takes place at the aortic orifice instead 
of in the coronary arteries themselves. A casual inspection of some 
of these valves deformed by calcified nodules reveals hoiv extrenie 
this obstruction can be. Moreover, it impairs the blood supply in 
the territories of both the right and left coronary arteries simul- 
taneously, in contrast to the more localized area of impeded blood 
flow usually occurring in coronary arteriosclerosis. 

In Case 4 the anginal syndrome was always more accentuated 
when, as a result of the appearance of heart block, the heart rate 
dropped to 40. Because of the narrowed aortic orifice, the heart 
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could not compensate for this slowed rate by increasing the stroke 
volume, so that relative ischemia of the heart muscle occurred. 
I have seen analogous phenomena in patients with very tight 
mitral stenosis who felt very uncomfortable, with increased dyspnea 
and other evidences of heart failure, when the pulse became too slow . 
In one woman with sinoauricular block the heart rate often ranged 
between 40 and 46. During such a period she was very uncom- 
fortable, and was relieved of many of her symptoms when the rate 
rose to 80 or 90. I have seen a number of patients with mitral 
stenosis and auricular fibrillation in whom evidences of congestive 
failure inereased when the ventricular rate as a result of digitalis 
administration dropped to 50 or 60, and who improved when the 
rate again reached the neighborhood of 80, if there was no accom- 
panying demand for increased work of the heart. 

When the aortic orifice is greatly narrowed, rapidly developing 
heart failure bj'' still further retarding the blood flow tlirough the 
minute opening may induce an acute myocardial ischemia analogous 
to that following coronary artery thrombosis and giving rise to 
identical symptoms. This is dramatically illustrated by the sudden 
death of Case 1 following a shocking attack of precordial pain, and 
of Case 2 shortly after the abrupt onset of intense epigastric pain 
in the course of lobar pneumonia. In Case 6 the complete clinical 
picture of coronary tlirombosis was simulated by advanced heart 
failure in the presence of a tight aortic stenosis. 

Angina pectoris has often been noted in patients with aortic 
insufficiency, and since all of my patients had aortic insufficiency 
as well as stenosis it might be asserted that it was the incompetency, 
rather than the narrowing of the valve that was responsible for the 
cardiac pain. Heart pain in patients with aortic insufficiency is of two 
main types. In sjq^hilitic aortic insufficiency the true anginal syn- 
drome is common and is caused by the encroachment of tlie luetic 
lesion on the mouths of the coronary arteries, with resultant narrow- 
ing. There is rarely, if ever, stenosis of the aortic valve. IMore rarely 
paroxysmal cardiac pain is observed in young individuals with 
rheumatic aortic insufficiency. '•» This is not a true Heberden’s 
angina. The pain is not related to effort and is associated with 
marked vasomotor disturbances. Intense precordial pain which 
often radiates down one or both arms is accompanied by exlrerae 
throbbing of the heart and arteries, tremendous rise in blood pres- 
sure, and a rapid heart rate. The mechanism of these attacks is 
not clear, but it is certainly of a difl’erent nature than that of classical 
angina pectoris. In patients with calcareous aortic stenosis, neither 
of the above mechanism is called into play. It is significant that 
the calcific lesion does not extend up the sinuses of Valsalva to block 
tlie orifices of the coronary arteries. 

btill I^s attention has been paid to the clinical manifestations of 
conduction defect in patients with aortic stenosis. Yet this associa- 
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tion too, while not as frequent as the anginal syndrome, is not 
uncommon. Its anatomic basis was established years ago by 
Monckeberg, and has been well summarized by Uehlinger.® The 
calcification commonly spreads from the aortic valves, to the annulus 
fibrosus and to the interventricular septum, often impinging upon 
and destroying the auriculoventricular bundle. East^® recorded 
2 cases in wliich the calcified masses had spread from the aortic 
valve down into the septum and had caused disturbances in conduc- 
tion. Years ago, before the recognition of heart block, Parkes 
Weber,” described a patient with aortic stenosis and a pulse rate 
of 44. Allbutt^^ observed 2 sihiilar patients, 1 with a pulse rate of 
40 and the other 30. In Uehlinger’s case a subacute bacterial endo- 
carditis had been engrafted upon a calcific aortic-stenotic lesion, 
and the inflammatory reaction had invaded the bundle and produced 
heart block. A very 'similar case has been described by Lemierre 
and Rudolph.^® Campbell and Shackle’^ observed a number of 
patients with aortic stenosis and bundle-branch block. 

In the present series. Case 1 showed transient bundle-branch 
block. Case 5 had complete heart block, and Case 4 had intermit- 
tent heart block. 

The etiology of the calcific lesion has given rise to much difference 
of opinion. The ages of our patients at the onset of the anginal 
syndrome w'ere 35, 44, 42 and 56 years, respectively. The develop- 
ment of the lesion in early adult life militates against the view that 
it is caused by a degenerative process of senescence, Clawson” 
has pointed out that in these patients the degree of senile arterio- 
sclerosis of the aorta is less than in persons of similar age without 
tliis lesion, and has inferred from this that the injury to the aortic 
cusps begins earty in life; for the narrowed aortic orifice protects 
the aorta from the usual forceful impact of the blood ejected wdth 
each systole. Clawson, too, noted a history of rheumatic infection 
in many of his cases, and concluded that the aortic calcific lesion 
w^as the end result of an infectious process. Clmistian^® holds a. 
similar opinion. With this -vdeiv I agree. The lesion seems to 
develop in individuals who have experienced a solitary, or even 
a subclinical rheumatic infection in childhood or in early life.^ The 
rheumatic process does not progress, but a gradual calcification of 
the injured valve takes place. Vahmlar deformity seems to favor 
more rapid development of atheroma and calcification. 

Summary. The syndrome of angina pectoris is common in 
patients with aortic stenosis. It appears to be caused, not by dis- 
ease of the coronary arteries, but by the narrowdng of the aortic 
^^ahmlar opening itself, which impairs the blood supply to both 
coronary arteries simultaneously. Sudden heart failure in these 
patients is often followed by sj-mptoms simulating coronary throm- 
bosis. 

Auriculoventricular conduction disturbances are also often associ- 
ated with the calcific form of aortic stenosis. These are determined 
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by extension of the calcific process into the annulus fibrosus, or 
ventricular septum. At times a secondary infection of the diseased 
valve causes heart block by direct extension into the auriculo- 
ventricular bundle. Isolated aortic stenosis is probably of rheumatic 
origin. 
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Altholgh certain epidemiologic studios on scarlet fever and 
rheumatic fever are available, comprelicnsive data on the geographic 
Gistnbiition of acute glomerulonephritis are lacking. This paper 
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presents a study of the incidence of acute glomerulonephritis in 24 
hospitals in North America from 1910 through 1931. These data 
have been compared with the incidence of rheumatic fever in the 
same hospitals from 1910 through 1925. The statistics on the geo- 
graphic frequency of scarlet fever compiled by Schroeder and Long- 
acre* have been made available for comparative study. 

Method of Obtaining Data. The method of obtaining the data for 
the incidence of rheumatic fever has been described in a prewous paper." 
In that study questionnaires were sent to a representative group of hospitals 
in North America for information as to the number of cases of rheumatic 
fever, number of medical admissions, and number of total admissions over 
a period of years. From the information thus obtained the conclusion was 
drawn that "the yearly admission rate for rheumatic fever in a selected 
series of hospitals in the United States and Canada is greater in the northern 
than in the southern regions of the continent.” 

In pursuance of limited studies on the etiology and mechanism of acute 
nephritis a similar questionnaire was sent to the same group of hospitals 
requesting information on the j'early incidence of acute nephritis. Ade- 
quate data were received from M hospitals. 

It was obvious that the number of eases reported from each hospital 
would in part depend upon such factors as the presence or absence of pedia- 
tric or contagious services. Although no accurate correction could be made 
for this variable, it was found that the presence or absence of such serwces 
was uniform in the various geographical regions. In order to minimize 
inaccuracy, the yearly incidence of acute glomerulonephritis was alwaj's 
considered in terms of the yearly medical admission rate, rather than the 
total admission rate. By this method the recorded frequency of acute 
nephritis would not be influenced by the preseirce or absence of large 
obstetrical or surgical services in one hospital as compared uith another. 

In a number of instances the hospital statistics failed to give the medical 
admission rate over a number of years, although the total hospital admission 
rate was made available. The medical admission rate was, therefore, cal- 
culated on the basis of special information furnished by the respective hos- 
pitals. In some instances the medical admission rates obtained in this 
study failed to agree vdth the rates furnished in answer to the first question- 
naire sent in 1926. In most cases the differences were negligible. In certain 
reports, however, the spread of the two figures was surprisingly large and 
the final accepted figure was determined on the basis of the luioum total 
admission rate. 

It was realized that the diagnosis of acute glomerulonephritis might 
vary somewhat in the hospitals studied, but it was felt that the degree of 
error produced by the inclusion of cases of nephritis due to bichlorid of 
mercury poisoning, for example, would not be significant. 

The statistics for the geographical distribution of scarlet fever have been 
compiled by Schroeder and Longacre from the United States Public Health 
Reports and forms a part of their accompanying paper. 

Presentation of Data. The tables contain the data for rheumatic 
fever and scarlet fever from wdiich the graph has been constnicted. 
The incidence of these diseases over a period of years is shown for 
the four latitude areas selected. Tlie figures for scarlet fever included 
in the accompanying paper are in terms of cases per 100,000 popii- 
lation from the years 1919 through 1931. The data for rheumatic 
fever and acute glomerulonephritis are derived from the same hos- 
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Table 1, — Rheumatic Fever, Acute Nephritis and Total Admissions to^Med- 
icAL AY ARDS IN 24 Hospitals in the United States and Canada. 


1910 . 

ion . 

mil , 

1913 . 

mil . 

1915 , 
1910 . 
1917 . 
‘ 1918 . 


Good Samaritan, 
Portland, Ore. 


Vancouver General, Winnipeg General, 
Vancouver, B. C. Winnipeg, Man. 


Royal Victoria, 
Slontreal. 


1910 . . 

1911 . . 

1912 . . 

1913 . . 

1911. . 

1913 . . 

1916. . 

1917 . . 

RF. 

AN. 

MA. ' 

' RF. 

AN. 

MA.‘ 

RF. 

AN. 

MA. 

RF. 

41 

.53 

61 

AN. 

7 

11 

9 

MA. 

1363 

1475 

1496 










85 

11 

1548 










64 

24 

1545 


' 








33 

23 

17 

5 

1477 

1425 




145 

29 

26 m 




22 

18 

2045 

1918 . . 




23 

26 

2127 




19 

15 

2662 

1919 . . 




88 

31 

2793 




20 

20 

1989 

1920 . . 




114 

.50 

3093 




39 

16 

1931 

1921 . . 




89 

51 

2102 




27 

10 

1883 

1922 . . 

! 38 

i-t 

2223 

98 

56 

2367 




26 

5 

2154 

1923 . . 

. 27 

17 

2225 

66 

20 

2098 




36 

14 

2516 

192-1 . . 

. 28 

19 

2319 

SO 

38 

1940 



2937 

31 

11 

222S 

1925 . . 

. 44 

9 

2316 

43 


2203 

130 

is 

44 

4 

2434 

1920 . . 

14 

3182 





4 

2932 


7 

2518 

1927 . . 


11 

3146 





10 

3001 


22 

2601 

1928 . . 


9 

3650 





20 

3271 


14 

2884 

1929 . . 


S 

3545 





5 

3324 


21 

2916 

1930 . . 


8 

1956 





6 

3164 


19 

3006 

1931 . . 


7 

1647 





6 

3306 

. . 

7 

3205 

Av. ratio 

’l;66 

1:228 

1:27 

i':61 


1:22 

1:342 


1:48 

1:165 


Montreal General. 


City, 


- 

Harper, 

Toronto General, 



Montreal. 

Cleveland. 


Detroit. 


Toronto. 


RF 

AN. 

MA. ‘ 

RF. 

AN. 

MA. ‘ 

'ST 

AN. 

MA. 

RF. 

AN. 

MA 


1919 


9 

1466 










1920 . . 

. 49 

15 

1647 


58 

1265 


23 

1739 




1921 . . 

. 40 

14 

1477 

47 

105 

1216 


10 

1434 

IS 


2333 

1922 . . 

. 46 

10 

1463 

26 

34 

1378 


30 

1561 

20 


2277 

1923 . . 

- 24 

7 

1590 

57 

37 

1315 

9 

30 

1561 

40 


2883 

1924 . . 

, 43 

9 

1325 

63 

40 

1468 

10 

12 

1400 

55 


2612 

1925 . . 


4 

1302 

78 

So 

1905 

10 

5 

1549 

38 


2674 

1926 . . 


5 

1363 


41 

2354 


12 

1311 




1927 . . 


5 

1437 


29 

2339 


10 

1301 


17 

18M 

192.S . . 


5 

1577 


29 

2440 


16 

1566 


18 

2047 

1929 . . 


6 

1029 


29 

2274 


10 

2089 


27 

2275 

1930 . 


11 

1596 


38 

2192 


9 

1967 


13 

2251 

1931 . 


8 

1930 


38 

2315 


9 

1838 


11 

2249 

Av. ratio 

1:37 

1:181 

1:20 

1:39 


1:129 

1:109 

1:74 

1:124 
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New York. 
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mu . 
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25 
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24 
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1918 . . 
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11 
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mm . 
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15 
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1920 . . 
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9 
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. GO 

12 

1832 

1922 . 

. .30 

no 
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1923 . , 

. 07 

17 

1.384 

1921 . . 

. lOI 

33 

1701 

192.-) 

1926 . . 

. 101 

18 

less 

1927 




I92S . . 




1920 




19,30 . 



. . . . 

1931 . . 




.-tv. ratio 

1:29 

i:9S 



Massachusetts 

General. 

Boston. 


RF. 

AN. 

MA. 

60 

4 

2209 

51 

15 

2508 

76 

14 

2654 

52 

11 

2.311 

27 

8 

2470 

24 

13 

2735 

31 

24 

2018 

32 

oo 

2487 

37 

11 

2711 

24 

14 

2462 

19 

15 

2443 

32 

30 

2679 

40 

16 

276.3 

IS 

15 

2570 

34 

15 

2752 

32 

12 

2790 


31 

3003 


28 

3290 


15 

310S 


IS 

.3260 


13 

3017 


15 

29 SO 

1:70 

J:16l 


Peter Bent 
Brigham, 
Boston. 


RF. 

AN. 

MA.' 


4 

‘694 

40 

1 

1744 

36 

10 

17.31 

4.3 

24 

1952 

35 

20 

1.S9S 

38 

31 

2369 

22 

1.5 

2476 

17 

G 

2463 

20 

8 

230.3 

31 

7 

2008 

30 

9 

2573 

39 

7 

2331 

■IS 

6 

2026 


6 

2167 


13 

2421 


11 

2204 


2 

2274 


10 

1990 


o 

19.80 

1:GS 

1:20 



San Francisco, 
San Francisco. 


RF. 

AN. 

MA. 


25 

i-t 82 

29 

23 

168-1 

30 

15 

1657 

32 

20 

1720 

36 

14 

1036 

34 

33 
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30 

23 

21.35 


22 

2111 


IS 

2314 


IS 

23.30 

1:.30 

i:90 
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Table 1. — Eheematic Feveh, Acute Nephritis and Total Admissions to Med- 
ical AVards in 24 Hospitals in the United States and Canada* — Continued. 


1910 . 
1911 . 

1912 . 

1913 . 

1914 . 

1915 . 

1916 . 

1917 . 
191S . 

1919 . 

1920 . 

1921 . 

1922 . 

1923 . 

1924 . 

1925 . 

1926 . 

1927 . 

1928 . 

1929 . 

1930 . 

1931 . 

Av. ratio 


1910 . 

1911 . 

1912 . 

1913 . 

1914 . 

1915 . 

1916 . 

1917 . 

1918 . 

1919 . 

1920 . 


Denver General, 
Denver. 

RF. A^ MaT 


State University, 
Oklahoma City. 

TiF. AN. MA. 


Kansas City 
General, 

Kansas City, Mo. 
RF. AN. MA, 


City No. 2 (Col.), 
St. Louis. 


RF. AN. MA 


19 16 1205 

39 11 1181 

8 569 

13 714 

12 940 

8 879 

16 825 

13 990 

1:41 1:75 1:2006 1:184 


13 

8 

2 

1 

10 

8 

24 

-5 

11 


1780 

1376 

1463 

1398 

1223 

1208 

1420 

1456 

2076 

2130 


9 1423 


6 

15 

11 

12 

11 

5 

15 

9 

5 
8 

6 


1:359 1:223 


1546 

1788 

1849 

1906 

1916 

2144 

2390 

2622 

2295 

2713 

2403 


6 

7 

8 
0 

20 

18 
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2 

36 

42 


1210 

1482 

1485 

2017 

2584 

2439 

2439 

2393 


Memphis General, 
Memphis, Tenn. 

'rF. an. MA.' 


Baptist Memorial, 
Memphis, Tenn. 


RF. .AN. MA. RF. AN. MA. 


Louisville City, 
Louisville, Ky 


1261 


1921 . 





2 


1285 

1922 . 


. 10 

20 

1538 

4 


1452 

1923, 


4 

16 

2273 

3 


1705 

1924 . 


. 10 

5 

1927 

5 


2030 

1925 . 


. 9 

20 

1872 

2 


1760 

1926 . 



13 

1381 


31 

2277 

1927 . 



10 

1338 


34 

2398 

1928 . 



10 

1681 


37 

2931 

1929 . 



22 

1807 


16 

3728 

1930 . 



17 

1718 


19 

2103 

1931 . 



23 

2212 


36 

1873 

Av. ratio 

1:230 

1:113 

1:527 

1:88 




Baylor 


John Scalcy, 



Dallas, Texas. 

Galveston, 

Texas. 



RF. 


MA. 

RF. 

AN. 

MA.' 

1.910 . 






3 

561 

1911 . 






3 

725 

1912 . 







806 

1913 . 






5 

654 

1914 . 






3 

842 


37 2735 

33 3216 

47 5210 

1:190 1:105 

Johns Hopkins, 
Baltimore. 


RF. AN. 


1915. 

1916 . 

1917 . 
lOlS. 
1919 . 
1920. 

1921 . 

1922 . 

1923 . 

1924 . 

1925 . 

1926 . 

1927 . 

1928 . 

1929 . 

1930 . 

1931 . 
Av. ratio 


1080 

1061 

1031 

1510 


8 

1691 

0 

5 

875 

11 

1983 

1 

6 

903 

10 

- 1516 

0 

13 

807 

6 

1645 

2 

8 

892 

11 

1936 

1 

27 

805 

12 

2173 

1 

35 

904 

9 

2423 

4 

20 

970 

4 

1385 


14 

1132 

6 

11S9 


8 

982 

S 

1044 


4 

977 

9 

1696 


9 

931 

2 

1511 


S 

840 

7 

1878 


S 

93S 


27 


1352 

19 


1177 


21 

1392 


22 

1500 


5 

1773 


9 

2024 


30 

1929 

:5o 

1:99 



Chari t}-. 

New Orleans. 

RF. 

AN. 

MA. 

91 

39 

4537 

67 

38 

4600 

65 

38 

5102 

49 

39 

5477 

41 

08 

6368 

54 

43 

6720 

49 

39 

6765 

32 

63 

7637 

24 

39 

8553 

26 

34 

6025 

23 

76 

5181 

7 

56 

5332 

15 

48 

5042 

9 

49 

5S42 

21 

59 

6805 

32 

62 

7620 


19 

10 

22 

5 

17 

2 

S 

21 

19 

9 

15 

34 


1:122 


2 

9 

6 

14 

21 

17 

8 

17 

6 

8 

9 

9 

12 

9 

24 


MA. 

1670 

1650 

1775 

1722 

1723 
1626 
1035 
1811 ' 
1946 
2056 
1941 
1844 
194S 
1887 
1814 
1898 


30 2033 

1:150 


Touro Infirmary, 
New Orleans. 

RF. AN. MA. 


60S 


3.-234 


1:1205 3:100 


1:161 1:122 


16 
30 
10 
23 

.. 30 

20 

.. 13 

.. 25 

1:733 1:60 


331 

150S 


0 

500 


1800 

1826 

1710 

1320 


* RF, yearly number of cases of rheumatic fever; AN 
MA, of total admissions to the inedicnl -wards. 


C, of acute glomerulonephritis; 



DISTRIBUTION OP RHEIBIATIC AND SCARLET FEVERS 387 

pitals and consist of the total number of cases reported by the hos- 
pitals in each latitude group for each year, and the total number of 
medical admissions for that same year. The graph shows that the 
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case frequency of scarlet fever diminishes from latitude region 
degrees to latitude region 34-29 degrees. A similar diminu- 
lon in frequency exists for the hospital medical admission rate for 
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rheumatic fever. In contrast to this fact, the hospital mpdical 
admission rate for acute nephritis is relatively uniform in the four 
latitude regions studied. 

Comment. The majority opinion at present is that the etiologie 
agent in scarlet fever is the hemoljdic streptococcus. Increasing 
evidence® suggests that the hemolytic streptococcus plays an impor- 
tant role in the mechanism of rheumatic fever. The clinical and 
biologic studies of many workers, notably Longcope"* and his asso- 
ciates, would ascribe a chief etiologie role in acute nephritis to the 
hemolytic streptococcus. Additional evidence in favor of this con- 
cept is found in the observation by Seegal and Lyttle® that 20 out 
of 22 consecutive cases of acute glomerulonephritis studied in New 
York City showed a significantly high titer of a hemoljdic strepto- 
coccus antibody termed antistreptolysin by Todd. ® 

It is of interest, therefore, to note the variation in the geographic 
distribution of these diseases on the basis of the limited statistics 
available for this study. No explanation is at hand as yet to account 
for the failure of the hospital incidence of acute glomerulonephritis 
to follow the type of geographic distribution illustrated by the 
curves of the two other diseases studied. 

Owing to the possibility that agents other than 'the hemolytic 
streptococcus may have been responsible for the frequency of cases 
of acute glomerulonephritis in the southern hospitals, a special 
study was undertaken to determine this point. The conclusions 
drawn from the unpublished observations show that much the 
same tj^pe of preceding infection, initiated by the hemolytic strep- 
tococcus, occurs in the southern as in the northern patient with 
acute glomerulonephi-itis. 

Summary. 1. A comparative study has been made of the geo- 
graphic distribution in North America of acute glomerulonephritis, 
rheumatic fever and scarlet fever. 

2. The case rate for scarlet fever diminishes progressively from 
latitude region 50-45 degrees to 34-29 degrees. 

3. The yearly hospital medical admission rate for rheumatic 
fever in 24 ho.spitals shows a similar decrease in the same latitude 
regions. 

4. In contrast to the diminished case frequency of scarlet fever 
and rheumatic fever in southern latitudes as compared to northern 
latitudes, the yearly hospital medical admission rate for acute 
glomerulonephritis does not vary significantly in the four latitude 
regions studied. 

5. The failure of acute glomeruloneplirltis to diminish, in fre- 
quency in southern latitudes might be interpreted as supporting 
the h.>q)othesis that agents other than the hemol^dic streptococcus 
play the chief etiologie role in this disease. This does not seem 
likely, however, since considerable e\adence is available incriminat- 
ing the hemolytic streptococcus as the main incitant of the disease. 
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G. Since evidence is available ascribing etiologic significance to 
the hemolytic streptococcus in all three diseases studied here, the 
variation in the geographic distribution of these diseases based uppn 
the limited data presents a problem in specific host and bacterial 
interaction. 

We vdsh. to express our gratitude to the administrative and medical staffs of the 
many hospitals that have generously contributed the data upon which much of this 
study is based. 
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ISOLATED TRICUSPID STENOSIS OF PROBABLE RHEUMATIC 

ORIGIN. 

Report of a Case With Unusual Clinical and Pathological 

Findings. 


By Alfred B. Clements, B.S., M.D., 

ADJUNCT PATHOLOGIST, BRONX HOSPITAL, NEW YORK, N. Y. 

(From the Department of Pathology', Bronx Hospital.) 

Stenosis of the tricuspid valve is by far the most infrequent of 
I'ahTilar lesions and, according to a very comprehensive review 
of the literature by Zeisler' in June, 1933, there have been only 
about 250-cases of acquired tricuspid stenosis reported to date. In 
view of this rarity the following case is presented. 

Case Report. H. C., a white female, aged 24, single, was admitted 
^epteinber 1, 1934, to this hospital on the medical service of Dr. Henry 
v-chumcr, ^Yith the clinical diagnosis of acute cardiac decompensation, 
mitral stenosis, puhnonarj' edema and vasomotor collapse. 

Poun’h/ Ihstory. Negative for heart disease and tuberculosis. 

/ asl Personal U islonj. Negative for rheumatic fever or any of its mani- 
aMations, scarlet fever or other of the acute infections. vShe had always 
. ^’^hly as a cliild, had had a poor appetite, but repeated 
! ' I'u'i) were negative. Tiiere was no evidence of evanosis 

firing ca'dlv ”” ^b'spnea on exertion, but the ]>ationt complained of 

Ilhww. Tills dates back to S years before admission. While 
-Mimimng, patient suddenly became weak and cyanotic and bad a slight 
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bloody expectoration. She was confined to bed for several weeks and parents 
at this time were told that she had a heart murmur. Following tlus there 
was noted cj'^anosis of the lips on exertion. This progressively increased 
and she also had frequent attacks of hemoptysis, the amount of blood 
varying from a few drops to a tablespoonful. There was no constant cough. 
Her general condition was fairly good until about 2 years ago when she 
developed congestion of the lungs. There was eiddence at this time of 
cardiac decompensation from wliich she recovered. Since then she had 
been practically bedridden. One year ago she developed marked edema 
of the lower extremities with slight swelling of the face and neck. This 
condition cleared up with rest in bed. 

On the day before admission the patient became extremely cyanotic 
and orthopneic and exhibited signs of peripheral circulatory failure. The 
pulse was imperceptible and the arterial blood pressure was not obtainable. 
On admission the heart sounds were distant, irregular and rapid. A soft 
pre-systohc murmur was heard over the entire precordium, being loudest 
over the mitral area and a pre-systolic tlirill was felt over a corresponding 
region, hlany sibilant and sonorous rales were heard at both bases of the 
lung._ The cendcal veins did not pulsate. The abdomen was distended and 
a fluid wave was obtained. The liver edge was felt two finger breadths 
below the costal margin, but did not pulsate. The extremities were cold 
and clamm 3 '- and there was no edema. The leukocyte count was 20,400, of 
which 66% were mature granulocj'tes and 15% yoimg or band forms. In 
view of her moribund condition, additional laboratory tests were not done, 
nor was a Roentgen ray taken. The cyanosis and dyspnea increased, the 
patient became anuric, developed Che 3 me-Stokes' respiration with a gallop 
rhjdhm and e.xpired the day after admission. 

Relevant Postmortem Findings. A somewhat frail figure of fair nourish- 
ment, vdth marked cyanosis. The gross anatomic findings were; 1,. Tri- 
cuspid stenosis; 2, mitral insufficiency; 3, chronic adhesive pericarditis; 4, 
hydropericardium; 5, subepicardial hemorrhages; 6, subendocardial degen- 
eration; 7, advanced sclerosis of the lesser circulation; 8, ulcerative plaques 
in the pulmonary arteries; 9, chronic putmonary tuberculosis; 10, cirrhosis 
of the fiver; 11, hemangioma of the fiver; 12, congested spleen; 13, e.xagger- 
•ated duodenal band; 14, cortical cyst of the right ladney ; 15, ascites. 

Heart. The pericardial sac was adherent to the dome of the diaphragin 
posteriorljL There was about 100 cc. of straw-colored fluid in the peri- 
cardial caxdty. The heart itself was normal in position and measured 11 by 
11 cm. in its greatest diameters. There were a few subepicardial hemor- 
rhages noted, these being most prominent in the region of the auriculo- 
ventricular sulcus. The musculature was of normal color. There were no 
gross lesions in the papillary muscles, chordre tendinere or colurnnse carnre. 
The tricuspid valve, when rdewed from its auricular aspect, was funnel- 
shaped. Its walls were smooth and it opened into the ventricle by an 
elliptical, smooth orifice, which measured 6 mm. in its longest diameter. 
The walls were somewhat thickened and inelastic, but there was no eridence 
of scarring or of chronic or recent vegetations (Fig. 1). Because of the 
non-pliability of the walls of the tricuspid valve, it was believed to be in- 
competent as well as stenotic. Histologically, there was marked^ fibrosis 
with some mrcxomatous degeneration and areas of vasculaription, but 
no cellular exudate or signs of an active process (Fig. 2). The right auricle 
showed but a slight degree of hyqiertrophy and dilatation. The pulmonar}' 
valve showed slight atheromatous changes of the valve margins . The niitra 
valve -was dilated and apparently insufficient, admitting 4 fingers, and there 
was slight sclerosis of the leaflets, especially of the more posterior one, out 
there was no eiddence of stenosis. The aortic valve showed a marked degree 
of atlieromatous change, extending for a few centimeters into the arch mtu 
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i\o evidence of stenosis. Tlie left atiricle exliibited marked hypertrophy 
and dilatation, especially the latter, measuring 9 by 6 cm. when the walls 
were distended. The auricular musculature was markedly fasciculated. 

Serial sections of 'the myocardium to determine whether Aschoff bodies 
were present showed them in the wall of the left ventricle (Ifig. 3). These 
consisted of a submiliary accumulation of large mononuclear^ cells, resem- _ 
bling plasma cells, both morphologically and in their staining qualities, 
together nith some lymphoid cells. These were distributed in a spindle- 
shaped arrangement usually about the wall of a small radicle of the coron- 
aries, most commonly found in the musculature of the left auricle and about 
the coronarj'^ vessels in the auriculoventricular sinus. Similar lesions were 
also found in other organs of the body. 



Fig. 1. — Arrow points to the auricular aspect of the stenotic lesion present at the 

tricuspid orifice. 

Umgs. There were several submiliary calcified areas in the region of the 
right apex which on section showed healed peribronchial tuberculosis. 
There was bronchopneumonia at both bases. 

The.pulmonary artery showed marked sclerosis in all of its radicles with 
advanced atheronaatous’ changes in the larger vessels (Fig. 4). There was 
an area of beginning necrosis near the division of the main artery on the 
right side upon wliich was superimposed a recent adherent 2 cm. thrombus, 
ihere was an ulcerated ovoid area, 3 by 2 cm., at the point of division of 
of the left main artery (Fig. 5). There was no discernible sclerosis in the 
greater circulation. 

Lfyer In spite of its apparent enlargement clinically, the liyer was 
cietmitely smaller than normal, being contracted, firm and nodular and 
measured 20 by 14 cm. in its largest diameters. There was a small dark 
bluish circum.scnbed hemangioma on the anterior surface, near the inferior 















Fig. 2. — Section through the tricuspid valve showing marked fibrosis with some 
myxomatous degeneration and areas of vasularization. 














Fig. 6. — Section of liver showing extensive cirrhosis. Only scattered islands of 
atrophic liver parenchyma remain intact. 
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border of the right lobe, measuring S mm. in diameter and extending for 
about 3 mm. into its substance. On section, the liver showed an extreme 
degree of cirrhosis, spreading diffusely throughout the lobules. Micro- 
scopically, there was marked periportal cirrhosis vdth congestion about the 
central veins (Fig. 6). The hepatic veins were dilated. There were about 
2000 cc. of thin serosanguinous fluid free in the peritoneal cavity. 

Discussion of Tricuspid Stenosis. Degree of Stenosis. The cir- 
cumference of the adult tricuspid ostium varies normally betiveen 
10 and 12 cm. according to White,^ and this valve is regarded as 
stenotic if its orifice measures 8 cm. or less. Usually, the stenosis 
is not present to a marked degree. Functionally, the right heart, 
including its auriculoventricular valve, is relatively passive and 
may be considered as an adjuvant of the venous system. The 
pressure normally exerted on the tricuspid valve is low as compared 
to that on the mitral valve which is subjected to the stress and 
strain of the much more active left heart. Kerr and Morrison^ 
offer as an additional explanation for the relatively slight degree 
of stenosis seen in the tricuspid valve, the triangular shape ivhich 
prevents its narrowing to the degree seen in mitral stenosis. 

Of 30 cases reported by Dressier and Fischer,^ only 5 show^ed 
rnarked stenosis while their most advanced case barely admitted 
the passage of the small finger (approximately 1 cm. in diameter). 
Cottin and Saloz^ reported a case closely resembling ours anatomic- 
ally in which a similar degree of stenosis was present. Oigaard® 
described his case as admitting the passage of a pencil (approxi- 
mately 7 to 8 mm.). The majority of reported cases had a much 
lesser degree of stenosis; thus Zeisler' gives 7.1 cm. as the circum- 
ference of the ostium in his case. 

Association with Other Valvular Defects. Tricuspid stenosis is 
rarely a solitary lesion. Of 195 cases compiled by Futcher,’' in only 
14 cases was the tricuspid valve the only one involved wliile in 104 
cases both the tricuspid and mitral were affected . In such instances, 
the narrowing of the mitral is usually the much more pronounced 
of the two. This has been the usual finding in other reported series. 
There may be associated lesions in the other two valves, the com- 
mon picture being termed “Dreipstienstenose,” indicating a com- 
bined stenosis of the tricuspid, mitral and aortic valves. In a large 
percentage of cases, there is a relative, if not actual, tricuspid insuf- 
ficiency associated with the stenosis as a result of the inability of 
the stenotic leaflets to approximate each other. 

Etiology. The etiology of this condition has been the subject 
of a great deal of study and investigation. The belief w^as held 
mrmerly that most cases, if not all, were congenital in origin, 
hareful anamneses have revealed the incorrectness of this belief 
and now the consensus of opinion is that the great majority are 
acquired in postnatal life. In many instances no definite etiologic 
factor can be traced in the history and the appearance of cardiac 
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symptoms may be the first indication of the presence of a vahmlar 
lesion, but this does not implj’" that the patient was born with a 
damaged valve. This is emphasized very definitely in our case. 
Oigaard® states that in more than one-half of the cases no etiologic 
factor is determinable. A congenital lesion usually manifests itself 
in infancy or earlj’’ childhood. There is obtainable in such instances 
a history of cyanosis very early in life and postmortem examination 
of the heart will often disclose other congenital lesions such as pul- 
monarj^ stenosis, narrowing of the aorta or defect of the interven- 
, tricular septum. 

In many cases there is present a history of acute articular rheu- 
matism, repeated sore throat, chorea, muscular rheumatism (“grow- 
ing pains”) or other manifestations of a.rheumatic affection. Cabot® 
has stressed rheumatic heart disease without a history of so-called 
rheumatism. Aschoff bodies have been found in the hearts of 
patients in whom a history of attacks of articular rheumatism was 
not obtained. Other acute infections such as scarlet fever, tj^hoid 
fever and puerperal sepsis may be the inciting causes. An appar- 
ently truly congenital case has been reported by Cottin and Saloz® 
where cj^anosis appeared very early in infancy, became more pro- 
nounced as the child grew older with development of clubbing of 
the fingers. An antemortem diagnosis of tricuspid stenosis was 
made, based on classical physical findings and this was substan- 
tiated at necropsy. In their discussion, these authors differentiate 
between a congenital malformation of the valve and fetal endo- 
carditis and conclude that the latter is the more plausible explana- 
tion in their case. 

Often the macroscopic appearance of the valve makes one suspect 
a congenital origin when the valve edges are smooth and grossly 
resemble a malformation without the irregular appearance of cica- 
trization that we usually see following endocarditis. However, 
it is only when there is no history of predisposing infection, when 
cj'anosis appears early in life, when serial sections of the myocar- 
dium fail to show the presence of Aschoff bodies, and especially 
if there are present other lesions that are usually considered con- 
genital that the diagnosis of a congenital lesion can be made. 

Our first impression on examining the tricuspid valve was that 
we were dealing wdth a congenital lesion that had gone unrecognized 
for a long time and had only become clinically eAudent after an 
acute illness. The complete absence of a history of rheumatic 
infection or other possible etiologic factors, together with the smooth 
appearance of the valve walls that showed no evidence of leaflets, 
nor of inflammatory reaction and resembled grossly a malformation, 
strongly suggested a prenatal affection. On the other hand, there 
were no other congenital deformities, nor was there present a lus- 
tory of cyanosis during infa^c3^ The finding of Aschoff bodies 
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made a rheumatic cause for the valve lesion the most likely, even 
though it showed no active signs postmortem. 

Other unusual features of this case were the absence of pulsation 
of the cervical veins,' the relatively normal size of the right auricle 
and the sclerosis of the lesser circulation. We shall not enter into 
a discussion in this presentation of sclerosis of the lesser circulation 
of which we have apparently an example, but we believe that the 
two conditions are independent and cannot be explained on a single 
clinicopathologic basis. There was no evidence, microscopically, 
that the sclerosis was rheumatic in origin. The clinical picture "was 
at no time characteristic and in this particular case, it seems impos- 
sible to have made a diagnosis of tricuspid stenosis before death. 
However, this condition should be borne in mind and suspected, 
especially in cases of rheumatic h^rt disease where the physical 
signs are localized to the region of the xiphoid process of the 
sternum. 

Thus we have here an example of a rheumatic lesion involving 
principally one valve and not preceded by the usual symptoms 
which we have been accustomed to call rheumatism. The pallor, 
fatigability, anorexia and weakness of the patient as a child were 
probably rheumatic manifestations, as brought out recently by 
Kaiser® and termed by him “minor rheumatic manifestations.” 
The disease left its imprint on the heart musculature in the form of 
rheumatic nodules or Aschoff bodies, and on the tricuspid valve, 
causing extreme stenosis. 

The small, nonpulsating liver was another surprising and unusual ' 
feature of this case, but some light was thrown on this by the gross 
and microscopic appearance of this organ, the cirrhosis being so 
marked in degree that it caused a contracture of the liver paren- 
chyma, especially in region of the portal spaces and prevented stasis 
of blood in the radicles of the portal vein. 

Summary. The case of tricuspid stenosis reported presents the 
following noteworthy features: 

1. The extreme degree of narrowing of the tricuspid ostium, 
resulting in a valve possly resembling a malformation rather than 
the end result of an inflammatory process. 

2. The absence of involvement of the other valves, except for a 
mitral insufSciency and slight sclerosis. 

3. The absence of an etiologic factor in the history, except for 
so-called minor rheumatic manifestations. 

4. The finding of Aschoff-bodies in the myocardium indicating the 
presence of rheumatic heart disease. 

5. The indistinguishability clinically from mitral stenosis. 

6. The absence of a pulsating liver and distention of the cervical 
veins. 

7. The slight enlargement of- the right auricle in face of the ex- 
treme stenosis. 
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8. The finding of advanced lesser circulation sclerosis, apparently- 
an independent lesion. 

The author is indebted to Dr. Joseph Felsen, Director .of Laboratories, Bronx 
Hospital, for his kind assistance in the preparation of this paper, and to Dr. Henry 
Schumer for permission to include the clinical findings of this case. 
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VARIABILITY OF MURMURS IN MITRAL STENOSIS. 

By Nathan Flax^un, M,D., 

ODINICAL ASSISTANT IN MEDICINE, LOYOLA MEDICAL SCHOOL AND MT. SINAI HOSPITAL, 

CHICAGO, ILL. 

(From the Department of Medicine, Loyola University School of Medicine.) 

hliTRAL stenosis was first mentioned in the literature by Mayow® 
in 1669. The first definite knowledge concerning it appeared in 
1715 in Vieussens’^^ treatise on the heart. No mention of cardiac 
murmurs is found in the first comprehensive textbook on heart 
disease written by De Senac.® Corvisart® described the palpable 
thrill of mitral stenosis in 1S06. In 1826 Laennec^® first described 
the murmurs of mitral stenosis, one, as a dull bruit quite like the 
sound produced by a file rubbing on wood, and followed by a loud 
bruit somewhat rough and harsh. Hope® first noted the variability 
of the murmurs when he described bruits audible in slow and rapid 
hearts with mild to severely stenosed mitral valves. He designated 
this rasping bruit as a diastolic murmur. Bertin* confirmed 
Laennec’s descriptions of the murmurs, and further suggested that 
two distinct bruits were audible. Williams’® modified Hope’s 
description of the murmurs, but also classified it as being diastolic 
in the cardiac cycle. Bouillaud® established the relationship of 
rheumatic fever to mitral stenosis; this had been mentioned by 
Pitcairn in 1788 and by Corvisart in 1806. Fauvel® called the mur- 
mur presystolic, but added that this was not a positive sign of 
mitral stenosis. The tradition of a presystolic murmur essential 
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to the diagnosis of mitral stenosis persisted for many decades. In 
the second Herter Lecture in 1914, Lewis^^ stated that the murmurs 
which accompany mitral stenosis in different patients are very 
variable in their time relations and that they not only vary also 
greatly from cj'cle to cycle in the same patient but even vary both 
in time and quality. Crummer^ simply stated that no single murmur 
is constant or characteristic of mitral stenosis. Wliite^^ indicated 
that if we should rely on the presence of a presystolic murmur for 
a diagnosis of mitral stenosis we should miss at least half the cases 
of this valvular lesion. 

This study indicates the importance of the variability of the 
murmurs in 237 cases of mitral stenosis. These 237 patients con- 
stituted 14.4% of a larger group of 1646 adults with organic heart 
disease seen in the Cook County Hospital.^ None of the patients 
in this report had any evidence of aortic insufficiency, hj^pertension, 
or thyrotoxicosis. Their ages varied from 15 to 68 years; 80% were 
20 to 50 years old; the largest group (35.4%) was 31 to 40 years old. 
Auricular fibrillation was present in 110 patients (46.6%). 

The murmurs were recorded to indicate the time in the cardiac 
cycle where each appeared best sustained. Six different groups 
were noted, which included, according to their frequency, the fol- 
lowing; systolic-diastolic, systolic, presystolic-systolic, no murmurs 
audible, diastolic, and presystolic murmurs. 

Systolic-diastolic Murmurs. These were audible in 159 (67.08%) 
of the 237 cases. The loud, rasping to-and-fro murmurs occupied 
the entire cardiac cycle. The bruits were most often localized to a 
small area surrounding the apex of the heart, but occasionally were 
audible over the whole precordium. Seventy-three (46%) of the 
159 patients had auricular fibrillation and the characteristic rasping 
sound of the murmurs was unchanged. The exact timing of the 
murmurs was difficult, due to the rapid cardiac rate and the frequent 
changes in the irregularity. These were designated systolic-diastolic 
murmurs because the bruits were tlie longest, loudest and harshest 
of all the murmurs noted. 

Systolic Murmur. The systolic murmur was present alone in 
36 cases (15.2%), of which 23 (64%) had auricular fibrillation. 
This murmur was audible over the entire precordium in all 36 
patients. The bruit was loud and intense in each instance. 

Presystolie-systoUc Murmurs. Twenty-eight patients (11.8%) 
presented a short, loud, rasping, crescendo murmur followed by a 
long, loud, clear bruit. The rhythm was regular in 24 and auricular 
fibrillation was present, in the other 4 patients. 

No Murmurs Audible. Eight patients (3.37%) with auricular 
fibrillation were in this group. The heart was auscultated frequently, 
but in each case no murmur was discernible. Lewis'® emphasized 
this when he stated that in auricular fibrillation, mitral stenosis 
may be concealed, the heart at times presenting no murmurs. 
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Table 1. — Mtjkmurs in the 237 Cases or Mitral Stenosis. 



Cases. 

White 

male. 

White 

female. 

Colored 

male. 

Colored 

female. 

Totals. 



r.* 

AF.t 

r. 

AF. 

R. 

AF. 

R. 

AF. 

R. 

AF. 

1. Systolic-diastolic . 

159 

(67.08%) 

43 

39 

22 

33 

10 

0 

11 

1 

86 

73 

2. Systolic 

36 

(15.3%) 

6 

13 

4 

9 

1 

0 

2 

1 

13 

23 

3. Presystolic-systolic 

28 

(11.8%) 

11 

3 

4 

1 

6 

0 

3 

0 

24 

4 

4. No murmurs . 

8 

(3.3%) 

0 

5 

0 

2 

0 

0 

0 

1 

0 

8 

5. Diastolic . . . 

3 

(1.26%) 

1 

1 

0 

1 

0 

0 

0 

0 

1 

2 

6. Presystolic . 

3 

(1.26%) 

1 

0 

2 


0 

0 

0 

0 

3 

0 

Totals 

237 

(100%) 

62 

61 

32 

46 

17 

0 

16 

3 

127 

110 



123 

7 

8 

17 

19 

'237 


84.8% 


15.2% I 100% 


* Regular rhythm. 

t Auricular fibrillation. 

Diasiolic Mxirmxir. This short rasping murmur was audible in 
3 cases (1,26%); 2 had auricular fibrillation. 

Presysfolic Mxirmnr. This bruit occurred with th e same frequency 
as the diastolic murmur. The cardiac rate and rhythm were regular 
in each case. The diastolic and presystolic murmurs of mitral 
stenosis occurred alone only 6 times (2.52%) in this group of 237 
patients. The rarity was surprising as compared with the teaching 
prevalent concerning the characteristic murmurs of mitral stenosis. 

Comment. There were 76 deaths (32%) during the period of this 
study. The murmurs audible had no apparent relation to the mor- 
tality. Auricular fibrillation also seemed to have little influence 
on tiie outcome. Of the 110 patients with auricular fibrillation, the 
frequency with which the murmurs occurred was approximately the 
same as in those with regular sinus rhythm. In these cases the 
murmurs and the frequency of their occurrence was as follows: 
Svstolic-diastolic, 66.3%; systolic, 20.9%; presystolic-systolic, 3_%, 
and diastolic, 1.8%. The other S (7.2%) were the patients with 
no murmurs audible. Auricular fibrillation was infrequent in the 
colored patients with mitral stenosis. Of the 36 colored patients, 
17 males and 19 females, auricular fibrillation occurred in 3 of the . 

females and not at all in the males. 

The incidence of double murmurs, systolic-diastolic and presys-^. 



FLAXaiAN: MURMURS IN ailTRAL STENOSIS 


399 


tolic-systolic, was 79%. All of the murmurs mentioned, whether 
single or double, were immediately recognized by the character- 
istic rasping sound, audible even to the untrained ear. The loud 
systolic murmur was present alone in 15.2 %. The combination of 
auricular fibrillation and a loud systolic murmur audible over the 
entire precordium, in the absence of thyrotoxicosis or hypertension, 
was evidence of mitral stenosis. Levine'^ stated that loud systolic 
murmurs are alwaj^s associated with cardiovascular disease. Lewis^® 
advised that less effort be expended on learning to time the murmurs 
of mitral stenosis and more energy be applied to recognizing the 
characteristic sound, like knowing the bark of a dog. The marked 
variability of the murmurs of mitral stenosis, as noted in the litera- 
ture and as indicated in this study, suggest the general acceptance 
of this advice. 

Summary. 1. The variability of the murmurs in 237 cases of 
mitral stenosis is reported. 

2. Auricular fibrillation was present in 46.6%; it had no effect on 
the character or type of murmurs audible. 

3. Double murmurs were found in 79%. 

4. Systolic murmurs alone were present in 15.2%. 

5. The murmurs of mitral stenosis were readily recognized by 
the characteristic rasping sound without resorting to definitely 
isolating the murmurs in the cardiac cycle by timing. 
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THE VALUE OF COLLOIDAL SULPHUR IN THE TREATMENT OF 
CHRONIC ARTHRITIS. 
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(From the Arthritis Clinic of the New York Polyclinic Medical School and Hospital.) 

Sulphur in one form or another has been used as a therapeutic 
agent since ancient times. Only recently, however, has its value 
in the treatment of chronic arthritis been stressed. Among the 
earliest papers on the use of colloidal sulphur in the treatment of 
chronic arthritis are those of Comrie* and Cawadias,® both of whom 
report favorable results. In 1927, Race^ reported fevorably on its 
use in 42 cases treated in the Devonshire Hospital. More recently, 
the study of the effect of sulphur has been given further impetus. 
^^^leeldon and Main"* report that, on the basis of 250 cases studied 
for 2 years, they were conwnced that colloidal sulphur had a definite 
place in the therapeutics of arthritis. Woldenberg,® employing 
colloidal sulphur in the treatment of 100 cases of atrophic arthritis, 
believed that it had a definite therapeutic value. Senturia® reported 
improvement in 75% of 60 cases, 43 of which were hj^pertrophic, 
the rest being either atrophic or mixed types or fibrositis. Sullivan 
and Hess’^ and Loeper and his associates® report good results in a 
smaller series of cases. - 

Sulphur metabolism does not come within the scope of this paper, 
but it should be pointed out that the cystin content of certain struc- 
tures is considered a reliable guide to the sulphur metabolism of the 
body. Sullivan® recently described a method for estimating the 
cystin content of the finger nails. Sullivan and Hess,^ in a study 
of the finger nails of 105 patients with arthritis, found the cystin 
content belou^ normal in 65% of the cases. An editorial in the 
Lancet’® recently mentioned that Neligan reported he found a low 
cystin content of the finger nails in 75% of his cases. 

' Sullivan and Hess^ applied sulphur therapy to 6 patients with a 
subnormal cystin content of the finger nails and found that improve- 
ment was accompanied by a rise in the cystin content of the finger 
nails. Woldenberg® also reported an increase in the cystin content 
of the finger nails after colloidal sulphur therapy. 

The present study was undertaken not only to evaluate the clinical 
results of colloidal sulphur therapy in chronic arthritis and its effect 
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upon certain cellular and immune reactions of tlie blood, but to 
ascertain the effect of this form of therapy upon the cystin content 
of the finger nails and to determine whether the cystin determination 
is of value in selecting cases for sulphur therapy. 

The patients Avere selected on admission to the clinic Avithout 
regard to type, severity, age, or duration of symptoms. The usual 
routine physical and laboratory examinations AA’^ere made on all 
patients and the 'Cystin content of the finger nails Avas estimated 
according to the method of Sullivan® before treatment Avas insti- 
tuted. The blood studies included non-filament cell counts, sedi- 
mentation rates using Westergren’s technique, and red and AAdiite 
blood cell counts. They Avere also made at varying interA^als after 
treatment. The clinical symptoms AS’^ere recorded on special charts.^ 
An aqueous solution of colloidal sulphur (Sulisocol) containing 
10 mg. per cc. Avas administered intraA’^enously or intramuscularly 
tAvice Aveekly. No other treatment AA'as giA'^en. Since the usual 
dosage (10 mg. tAvice Aveekly) did not produce definite effects, it 
Avas increased to 20 mg. tAvice Aveeldy. In those cases Avhere no 
improvement Avas obtained AARth 20 mg. doses, it Avas further in- 
creased to a maximum of 30 mg. tA\dce Aveekly. Certain patients 
Avho received 10 mg. tA\dce Aveekly for several AA^eeks and Avho Avere 
not improved Avere definitely improA'^ed AAdien the dose AA^as increased 
to 20 or 30 mg. A feAA'’ patients could not tolerate the larger doses. 

Symptoms of fatigue, droAvsiness, loss of appetite, headaches and 
increased pain, stiffness or sAA^elling of the joints after the intravenous 
injection of colloidal sulphur indicate oA'-erdosage. In such instances 
the dose should be reduced but, if the symptoms still persist Avith the 
smaller dosage, the intramuscular method should be used instead. ' 
If this does not relicA^e the symptoms, the use of colloidal sulphur 
should be discontinued. As Avith vaccine therapy, the optimum 
dose is characteristic for each individual. 

Toxicity. Of 200 patients Avith arthritis of different types treated 
AAUth colloidal sulphur during the past 18 months, only a fcAV had 
severe symptoms of toxicity and they were temporary. A feAv devel- 
oped urticaria and scarlatiniform eruptions but these quickly sub- 
sided when the medication was discontinued. Some complained 
of nausea and an occasional patient complained of vomiting, ab- 
dominal cramps and diarrhea. Others complained of seA>'ere fatigue, 
headache, drowsiness, heaAuness of the eyes, extreme nervousness, 
generalized muscle soreness and occasionally of insomnia and loss 
of appetite. A few patients receiving 30 mg. doses had chills and 
fever which appeared 2 to 4 hours after the injection and they Avere 
confined to bed for 24 hours. These reactions did not occur during 
the first 3 or 4 weeks of treatment. It was concluded, therefore, 
that these patients had been giA'en an excess of sulphur and that 
this had caused the reaction. Patients recemng 10 or 20 mg. did 
not experience reactions of this tAqie. UntoAA'ard reactions folloAving 
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the intravenous administration of sulphur were reduced or were 
entirely eliminated when it w'as given intramuscularly. Intra- 
muscular injections did not produce pain, soreness or local reactions. 
Any symptoms of toxicity quicklj^ disappeared when the medica- 
tion was terminated. 

Controls-. Tw-enty-five patients, consisting of 10 wdth mixed 
arthritis, 8 with rheumatoid arthritis and 7 with osteoarthritis, 
W'ere used for control purposes. Ringer’s solution wrs adminis- 
tered intravenously as placebo medication for from 6 to 8 weeks. 
This'w'as followed by the intravenous injection of sulphur for the 
same length of time. Sedimentation rates, non-filament cell counts 
and red and white blood cell counts were made before, during and 
at the end of both the control and the test periods. 



Fig. 1. 


With patients receiwng placebo medication the mean sedimenta- 
tion rate VRS 22.22 mm. before and 21.21 mm. after treatment and 
the mean non-filament cell count -was 15.35% before and 15.12% 
after treatment. With those patients given colloidal sulphur ther- 
apy, the mean sedimentation rate was 23.5 mm. before and 16.9 mm. 
after treatment and the mean non-filament cell count was 16.12% 
before and 13.9% after treatment. Although there was only a 
slight difference between the mean initial and final sedimentation 
rates and non-filament cell counts following placebo medication, 
.the individual differences were marked. The mean trends were 
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practically unchanged with placebo medication. Figure 1 illustrates 
graphically the sedimentation rates of 5 typical cases. 

With sulphur therapy the reduction in the sedimentation rate 
and non-filament cell count was comparatively slight but this was 
regarded as significant because the initial readings were low. 

The Effect of Sulphir Medication Upon the Cystin Content of the 
Finger Nails. The normal cystin content of the finger nails was 
considered to be 12 mg. or above per 100 mg. of nails. Twenty-five 
patients with a subnormal cystin content were studied to determine 
the quantitative effect of intravenous colloidal sulphur. These 


Table 1. — The Effect of Intravenous Sulphur Therapy Upon the Cy'Stin 
Content op the Finger Nails. 


Case No. 

No. of 
iniections 

Total mg. 
of sulpliur 
injected. 

Period of 
treatment 
(days). 

Cystin content in mg, 
per 100 mg. of nails. 

Initial. Final. 

Clinical 

results. 

6226-33 

27 

540 

171 

7.27 

14.28 

Improved. 

1177-34 

10 

200 

112 

7.37 

9.73 

Improved. 

21642 

9 

110 

131 

7.88 

12.82 

Improved. 

147-34 

15 

300 

78 

8.07 

12.18 

Unimproved. 

14044-33 

13 

260 

151 

8.60 

12.95 

Unimproved. 

22674-33 

.13 

250 

73 

8.96 

15.61 

Improved. 

5380-34 

10 

200 

78 

8.98 

11.36 

Improved. 

1816-33 

10 

200 

lie 

9.74 

13.51 

Unimproved. 

2172 

21 

310 

97 

9.82 

11.02 

Improved. 

28465-33 

13 

260 

140 

9.88 

12.38 

Improved. 

15645-33 

9 

90 

47 

10.33 

13.88 

Improved. 

13356-34 

12 

240 

206 

10.37 

11.59 

Unimproved. 

199-34 

9 

180 

78 

10.41 

12.50 

Improved. 

2027-34 

16 

320 

72 

10.41 

11.31 

Improved. 

19464-33 

30 

450 

170 

10.68 

13.44 

Improved. 

11921-34 

12 

270 

117 

10.68 

12.13 

Improved. 

1338-34 

45 

900 

193 

10.73 

14.00 

Improved. 

12695 

18 

ISO 

152 

10.84 

10.87 

Unimproved. 

13323-34 

10 

200 

81 

11.09 

12.64 

Unimproved. 

18097-34 

12 

220 

77 

11.11 

14.34 

Improved. 

23918-33 

22 

300 

103 

11.30 

12.44 

Unimproved. 

10256-34 . 

17 

320 

141 

11.62 

13.00 

Improved. 

7829 

16 

340 

113 

11.80 • 

12.37 

Unimproved. 

11917-34 

22 

530 

126 

11.84 

12.50 

Unimproved. 

17362-34 

35 

620 

144 

11.90 

12.50 

Improved. 


patients received a mean of 310.2 mg. of colloidal sulphur over a 
mean period of 119.56 days. The mean cystin content was 10.07 mg. 
before and 12.65 mg. per 100 mg. of finger nails after sulphur medica- 
tion, a mean increase of 2.58 mg. per patient (Table 1). In 21 cases 
there was a definite increase in the cystin content but in the other 4, 
it was less than 1 mg. A difi’erence of 1 mg. was not- considered an 
increase because of the possibility that it might be due to experi- 
mental error, etc. 

An Analysis of the Effects of the Intravenous Administration of 
Sidplmr in 100 Cases. The classification of arthritis described in a 
previous paper'' was used in the present study. The 100 cases 
studied are grouped according to the cystin content of the finger 
nails and the percentage of improvement in each group considered 
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separately (Table 2). The criteria of improvement were: 1, im- 
provement in focal symptoms, e. g., reduction of pain, swelling, 
stiffness, etc.; 2, improvement in constitutional symptoms, e. g., 
gain in weight, lessening of fatigue, increase in appetite, etc.; 3, 
reduction in the sedimentation rate and non-filament cell count. 


Table 2. — Results Following Intravenous Sulphur THBRAPr Arranged 
According to Cystin Content of the Finger Nails. 


Cystin content 
in mg. per 100 mg. 
of nails. 


No. of cases 
studied. 


Improved. 

Tjipes. 

Number. Per cent. 

6 to 7.9 

Rheum. 

0 

0 



Mixed 

2 

1 

50 


Osteo 

2 

2 

100 


Total 

4 

3 

75 

8 to 8.9 

Rheum, 

3 

2 

66.6 


Mixed 

2 

0 

100 


Osteo 

2 

1 

50 


Total 

7 

5 

71.4 

9 to 9.9 

Rheum. 

4 

3 

75 


Mixed 

4 

2 

60 


Osteo 

3 

3 

100 


Total 

11 

S 

73.7 

10 to 10.9 

Rheum. 

S 

5 

62.5 


Mixed 

11 

6 

55.5 


Osteo 

7 

5 

71.4 


Total 

26 

16 

61.5 

11 to 11.9 

Rheum. 

5 

2 

40 


Mixed 

9 

5 

55.5 


Osteo 

5 

1 

20 


Total 

19 

8 

42.1 

11.9 and above 

Rheum. 

13 

3 

23.1 


Mixed 

13 

4 

30.7 


Osteo 

7 

1 

14.3 

• 

Total 

33 

8 

24.2 

Grand total 


100 

48 

48 


Sixty-seven patients had a cystin content below 12% (Table 2) 
and 40, (59.7 %) were improved ; 20 of these had rheumatoid arthritis 
of which 12 (60%) were improved; 28 patients had mixed arthritis 
and 16 (57.1%) were improved; Avhiie 19 patients had osteoarthritis 
and 12 (63.2%) were improved. When the cystin content was below 
normal, the percentage of improvement was essentially similar in 
all groups. 

Of 33 patients with a normal cystin content 8 (24.2%) were 
improved compared with 40 (59.7%) of the cases with a c.vstin 
content below normal. 
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The Effect of Sulphur Therapy Upon the Sedimentation Rate and 
Non-filament Cell Count. It was previously sliown^^ that the 
sedimentation rate and non-filament cell count usually are reduced 
only when there is clinical improvement. The mean sedimentation 
rate and the mean non-filament cell count were low in this series of 
patients because most of them had mixed arthritis or osteoarthritis. 
When the 100 cases are taken as a whole, there is very little change 
and the mean trend is only slightly affected. In the 48 cases showing 
improvement, however, there was a reduction of sedimentation 
rate and non-filament cell count. The mean sedimentation rate 
was 20.28 mm. before and 14.25 mm. after sulphur medication, a 
mean reduction of 6.03 mm. The mean non-filament cell count 
was 15% before and 11.9% after sulphur medication, a mean 
reduction of 3.1%. 

Thus we have a difference of 3.1% between the initial and final 
mean nuclear counts and a difference of 6.03 mm. between the initial 
and final mean sedimentation rates. In order to determine that 
this difference is significant and not due to chance, it is necessary 
to calculate: 1, the mean; 2, the mean deidation; 3, the standard 
deviation; 4, the probable error of the mean; and 5, the probable 
error of the difference. 


For these calculations, we have used the standard formulae as published by 
Kent.w 

Standard Deviations: x = initial determinations; y = final determinations. 
Standard deviation is the constant which has been adopted by biometricians 
to measure in abso lute terms the degree of scatter or dispersion of the variates, 


or; s 



S(X)= 

N 


where s = standard deviation, S = sum and = the squares 


of the individual dev iations from the m e an, and N = the number of values in the 
_ ^ sum of the square s of the indmduSHeviations from the'mean 


senes, or: s 


number of cases 


Substituting the value of the nuclear count, Sx 




lVi04.96 

48 


v 25.10 = 


=fc 5.01, or the standard deviation of the initial count. 


Sy 



'594.06 

48 


V .12.38 = ± 3.52, or the standard de\dation of the final count, 

g 

Probable Error of the Mean. PEm = 0.6745 x , where PEm = 

V N < 

probable error of the mean, s = standard deviation and N = number of values 
or cases in the series. Substituting the value of the nuclear count, PEmx = 

0-6745 X = =*= 0 .4876 or the probable error of the mean of the initial 

3 52 

nuclear count. PEmy = 0.67449 x = ± 0.432 or the probable 

error of the mean of the final nuclear count. 

Probable Error of the Difference. Peariw states that “the probable error of the 
difference between any two independent quantities (f. e., quantities such that 
there is no correlation between their errors) is equal to the square root of the 
sum of the squares of th e probable errors of the quantities entering into the 
difference,” or, i. c., -s/ (PEmX)- + (PEinY)= = the probable error of the 
difference, where PEm equals the probable error of the mean and X and Y the 
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independent quantities entering into the difference. In this instance, X equals 
the initial and Y the final nuclear counts. 

Substituting the values of the nuclear count, V" (0.4876)= + (6.3422)= = 
0.595, or the probable error of the difference. According to Pearff'*, "It 
has been practically a universal custom among biometric workers to say tliat a 
difference (or a constant) which is smaller than twice its probable error is prob- 
ably not significant, whereas a difference (or a constant) which is three or more 
times its probable error is either ‘certainly,’ or at least ‘almost certaihly,’ sig- 
nificant." 'The difference equals the initial mean nuclear count minus the final 

3 11 ' 

mean nuclear count, or 15.02 ~ 11.91 = 3.11. Therefore, = 5.226, 

or the difference is over 5 times the probable en-or of the difference. 

Using the same formula), the difference between the initial and final mean 
sedimentation rates is 3.345 times the probable error of the difference. 
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■ Means of the Dijs tin Arrays 

Means of the Sedimentation Arraiis 

Cbaut 1. — Observed regression lines showing conclusively the lack of correlation 
between the cystin content and the sedimentation rate. 


We may, therefore, draw the conclusion that the reduction of the 
sedimentation rate and nuclear count was most certainly significant 
and not due to chance. 

The Correlation Between the Sedimentation Bate and the Cystin 
Content of the Finger Nails. In a recent article, Argj'-’® states that 
‘"at least on an average, an inverse ratio between cystin content of 
the finger nails and sedimentation reaction of the blood does exist 
in arthritis. This is not true, however, in every instance when 
individual cases are considered.” Only 23 cases were reported, a 
series too small to be conclusive. We have compared the sedimen- 
tation rate and cystin content in 200 cases and have estimated the 
coefficient of correlation, according to the formulaj of Pearl, in 
142 cases. In perfect correlation the coefficient is 1 and the nearer 
the coefficient approaches 1, the better the correlation. 

The coefficient of correlation of our series is 0.0196 which is very 
poor or almost no correlation. It may be concluded, therefore, that 
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the sedimentation rate and cystin content are in independent series 
and are not correlated. Their observed regression lines (Chart I) 
are practically perpendicular, whereas in correlation they are more 
or less parallel. This further proves that there is no correlation 
and that their movements are entirely independent; that is, any 
movement in the sedimentation rate does not affect the cystin 
content, and vice versa. 

When an increase in one series occurs in conjunction \yith an 
increase in another series, the correlation is said to be positive and 
the coefficient of correlation is positive. When an increase in one 
series occurs in conjunction with a decrease in another series, that 
is, an inverse ratio, the correlation is said to be negative and the 
coefficient of correlation is negative. In our series, the coefficient 
of correlation was: (1) small, indicating that there was no correla- 
tion; and (2) positive, indicating that no inverse ratio existed. 

The Effect of Sul-plmr Therapy Upon the White and Red Blood Cell 
Count. There was only a slight variation in the wffiite blood cell 
counts in this series. The initial mean count was 7450 and the final 
mean count was 8180. This variation was not considered significant. 
The red blood cell counts also showed only minor variations. The 
initial mean count was 4,370,000 and the final mean count was 
4,450,000. 

Discussion. The results of the present study, as well as the work 
of others, indicate that colloidal sulphur produces favorable clinical 
results in a significant percentage of patients with chronic arthritis. 
The exact mechanism by wffiich improvement occurs is unknown, 
but enough, inf onnation is available to enable one to speculate on 
its possible mode of action. Cawadias^® states that sulphur plays 
a very important part in the process of nutrition, particularly the 
nutrition of joints. Loeper and his associates'^ have noted that the 
neutral sulphur of the joint cartilage in rheumatoid arthritis was 
reduced about one-third below normal while the total sulphur of the 
blood was increased. They also noted that the amount of gluta- 
thione in the blood was below normal in a few cases. Cawadias^® 
and Race® found an increase in the- urinary output of unoxidized 
sulphur and the latter believed that there was a deficient oxidation 
of sulphur in these cases. Schlesinger^® concurred in the opinion 
of HopWns®'* that glutathione exists in all cells and that it plaj^s 
a very important role in all processes of oridation and reduction 
while others believed that it aids in. detoxication. The theory of 
deficient oxidation of the tissues of the artliritic has long been advo- 
cated by Pemberton, who stated that as a result of impaired circu- 
lation in the joints there is poor oxidation and nutrition. This also 
concuxy with the ‘suboxidative state” mentioned by Llewellyn." 

^ Sullivan-® suggested that inasmuch as glutathione aids in detoxica- 
tion, its deficiency, as a result of improper metabolism, might allo'w 
uncontrolled action of the noxious agent in the arthritic. He be- 
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lieved that the administration of sulphur in these cases prevented 
the normal body sulphur complexes from being diverted into other 
channels. A low blood glutathione and a low cystin content of the 
finger nails, therefore, might indicate that there is a deficient 
oxidation of sulphur in thesd cases and, as it apparently plays a 
part in oxidation and in the nutrition of -the joints, this may be the 
underlying factor in sulphur therapy. 

The low cystin content in 67% of the cases studied compares 
closely with the 65% of Sullivan and Hess'' and the 75% of Neligan“. 
When there was a subnormal cj’stin content, it was usually increased 
with sulphur therapy both when it was given by the intravenous 
and the intramuscular methods. 

Except in a few cases, there was a reduction of the sedimentation 
rate and non-filament cell count with sulphur medication but there 
was only a slight reduction following placebo medication. The cases 
showing improvement with colloidal sulphur therapy are, as a rule, 
those in which vaccine therapj'^ is of the least benefit. In young 
people with rheumatoid arthritis, for example, the cystin content 
is usuallj^ normal and sulphur is of little benefit, whereas in older 
people with rheumatoid arthritis and in patients with mixed arthritis 
and osteoarthritis, the cystin content is frequently low and sulphur 
therapy is often beneficial. 

Those patients who showed improvement in the focal symptoms 
also showed marked improvement in constitutional symptoms, 

e., less fatigue, an improved appetite and gain in weight. They 
were less depressed and assumed a more cheerful attitude toward 
•the disease. 

Although our results have not been as encouraging as those re- 
ported by some authors, we belicA^e that sulphur is a valuable agent 
in the treatment of arthritis. 

Conclusions. 1. Fairly large doses (10 to 30 mg. twice weekly) 
of colloidal sulphur, as a rule, are well tolerated. 

2. "With the larger doses, howcA^er, some patients dcA’-eloped 
SATuptoms of toxicity, such as fatigue, drowsiness, headache, in- 
creased pain, stiffness or SAvelling of joints but they usually dis- 
appeared in 5 days and were neA^er seA'ere enough to cause anxiety. 

3. When the cystin content of the finger nails Avas beloAV normal, 
it was usually increased with sulphur therapy. 

4. The percentage and degree of clinical improA'-ement was greater 
in those patients Avith a subnormal cystin content than in those with 
a normal content. 

5. The percentage and degree of clinical improvement AA'as greater 
Avith sulphur than with placebo therapy. 

6. Sedimentation rates and non-filament cell counts were reduced 
in those cases showing clinical improA'ement. 

7. There was no significant effect upon the red and Avhite blood 
cell counts. 
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8. We believe that colloidal sulphur is a valuable agent in the 
treatment of certain types of artlrritis. 

We wish to express our thanks to Miss M. Jordan, and Miss J. tVeitzman for their 
assistance in this study. 
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the bacterial flora associated with foreign bodies 

IN THE TRACHEA AND BRONCHI.* 

By Carl J. Bucher, M.D., 

ASSISTANT niRECTOR OP CEINICAI, UABOHATORIES, JEPPEIISON MEDICAL COLLEGE 
HOSPITAL, PHlLAnELPHIA, PA. 

When a foreign body lodges in the air passage ways there is an 
inflammatorj’ response on the part of the tissues more or less severe. 

* Road before the American Association of Pathologists and Bacteriologists, New 
York City, April 19, 1935. . 
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J ackson^ and INIcCrae- have studied this response clinically. Accord- 
ing to them it depends upon the type of the foreign body, its length 
of sojourn in the tracheobronchial tree, the amount of occlusion 
occasioned by it, the age of the patient, and subsequent infection. 
Their studies do not include the baeteriologic findings in these cases. 
This paper deals with the baeteriologic data incident to a foreign 
body in the respiratory tract. 

With the exception of my preliminary report^ on the bacterial 
flora and tracheobronchial foreign bodies there is no systematic 
study on the subject. A few references to isolated cases have been 
listed in the American and German literatures. 

The Material. The material for this study has been furnished by the 
Bronchoscopic Department of this hospital, the serwees of Dr. Chevalier 
Jackson and his successor _Dr. Louis H. Clerf . There were 243 patients 
with_ tracheobronchial foreign bodies. Cultures of samples of mucopus 
obtained bronchoscopically from the site of the foreign body in the air 
passageways form the basis of this report. 

The method of collection of the mucopus from the respiratory tract is 
important. Ha^^n_g introduced a larjmgoscope, the surgeon passed a bron- 
choscope tlirough its lumen thereby avoiding contamination of the latter 
with oral secretions. The mucopus was collected on small sterile gauze 
swabs or by means of an aspirator passed through the bronchoscope. The 
latter method is preferable; the former a necessity when the secretion is 
scanty. The foreign body itself has never been cultured since in its removal 
it is usually contaminated with the secretion of the buccal cavity. 

_ I believe that the microbic content of pus so collected is more representa- 
tive of the bacterial flora in the lesion than that of expectorated material. 
The ewdence for that statement is based upon the following data. Pure 
cultures of bacteria have very occasionally been obtained from pus so 
collected. Secretions aspirated from individuals with a normal tracheo- 
bronchial tree, upon whom diagnostic bronchoscopies were performed, 
have contained few organisms; occasionally none were recovered. It can 
be demonstrated by growths obtained from pus repeatedly recovered from 
the same pulmonary abscess or bronchiectatic cavity that there is a varia- 
tion in the bacterial population depending on the season of the year. Cul- 
tures seeded simultaneously from the tracheobronclual and oral secretions, 
equal amounts of each sample ha^dng been used, yielded organisms more or 
less similar in kind but quantitatively difi’erent. This is reasonable since 
the secretion from the lower respiratory tract contaminates the oral cavity 
when it is expectorated. Though contested by some, nevertheless there is 
abundant ewdence to support the ■view that bacteria are constantly getting 
to the lower respiratory levels from above.' How long thej’' live and how 
well they thrive there, is another problem. 

As an additional test. Dr. Clerf had a metal collar fitted on the pus col- 
lector. It was so constructed that it fitted the bronchoscope snugly and 
prevented the collector from coming in contact -^vith the lateral walls of 
the bronchoscope. A sufficient number of mucopurulent specimens were 
collected from the trachea and bronchi with and vathout the collar to justify 
the conclusion that this source of contemination is negligible. 

Technique. Smears were made and stained bj’- Gram’s (Burke’s modifica- 
tion) method. Acid-fast and other stains were employed when indicated. 
Most of the specimens w'ere also studied by dark-field examination to deter- 
mine the presence or absence of spirochetes. Samples of pus were directfi^ 
seeded on beef infusion agar plates containing about 5% of human blood 
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and in 1% dextrose bouillon, dextrose honnone broth since 1927, All 
media had a pH value between pH 7.5 and pH 7.8. The cultures were 
studied and transfers were made at the end of 48 or 72 hours. The plates 
were kept for a longer period before being discarded. The usual standard 
bacteriologic methods were used to classify and identify the organisms. 

Essential differences and additions to the technique outlined above were 
employed as here indicated. A portion of a large number of specimens 
containing pneumococci was injected into mice and the pneumococcus typed. 
When there was any reason to suspect tuberculosis, guinea pigs were inocu- 
lated and the material seeded on Corper’s or Loewenstein’s mediums. A 
number of anaerobic cultures were made. I employed several methods; an 
anaerobic jar combining air exhaustion, nitrogen replacement and removal 
of the residual air with pyrogaUic acid and sodium hydroxid, Zinsser’s 
and Spray’s anaerobic plate methods, ^liborius’ method plus an oil seal and 
Buclmer’s and Tarozzi’s methods. 

To have a basis of comparison for the bacterial findings a brief 
resume of some of the clinical factors is necessary. Foremost is 
the foreign body itself. Jackson^ and later McCrae^ have directed 
attention to the differences in the local and general reaction of the 
patient with different kinds of foreign bodies. They observed in 
general, that foreign bodies consisting of animal and plant sub- 
stance occasioned marked reactions and that certain ones, such as 
the peanut, were very prone to be associated with grave clinical 
features. With this in mind I have divided the foreign bodies as 
follows; 76 inert objects, pins, safety pins, needles, tacks, buttons, 
nails, screws, toys, dental fixtures and instruments, wire, beads, 
pencil caps, bullets, celluloid, pebbles, glass, bird shot, and a primer 
cap; a second group consisting of 8 bones and 22 teeth; and a third 
group consisting of 73 peanuts, and a final group chiefly vegetal sub- 
stances consisting of 21 nuts and nutshells other than peanuts, 5 
heads of timothy grass, 7 corn grains, 10 beans (navy, coffee and 
lima), 9 watermelon seeds and 15 miscellaneous, including peas, , 
wood, pills, meat, apple, carrot, prune, potato and fruit seeds. 

Age exerts a profound influence on the course of the disease. In 
this group the ages ranged from 8 months to 67 years. The young- 
est, a very ill child, aspirated the head of a blade of timothy grass. 

It was located in the right main bronchus and was removed after 
7 days’ sojourn. From the pus. Strep, hemolyticiis, S, aureus, B. 
infixienzoe, Diplococcus pneuvionice and Micrococcus catarrhalis were 
isolated. The oldest patient had a dental fixture in his left bronchus 
for 3 weeks and a day. There was a profuse growth of S. aureus 
with a few colonies of Dvplococctis pneumonim on the plates. The 
distribution of foreign bodies relative to age is significant. In the 
inert group there are 3 peaks, the first between the second and third 
>mars, the second bet-ween the fifth and sixth years, and the third 
m the second decade. The greatest number of peanuts and other 
vegetal foreign bodies are aspirated between the first and second 
years of life while the maximum for the aspiration of teeth and bones 
IS reached in the fourth decade. 
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An analysis of the lengths of sojourn of the foreign bodies in the 
respiratory tracts indicate that the largest number, 44, were retained 
from 1 to 2 weeks; a second group of 20 for 3 days, and a third of 9 
for 1 to 2 years. One, a nail in the bronchus of the right lower lobe 
of a woman aged 24, was in the bronchus for 18 years. The pus 
contained Strep, hemolyiicus, S. albus and Micrococcus catarrhalis 
and the comment on my record is “She is not very ill.” 

In 144 cases of which I have a record, 18 of the foreign bodies 
were in the trachea, a part of one was located in both main bronchi, 
72 in the right main or stem bronchus, 33 in the right lower bronchus, 
5 in the left upper bronchus, 47 in the left main bronchus, 11 in the 
left lower bronchus, 5 in the right upper bronchus, 1 in the lung 
and 1 in the (right) middle lobe bronchus. The amount of obstruc- 
tion is difficult to tabulate. In some instances the obstruction was 
complete while in other cases there was good drainage in spite of 
the presence of the foreign body. There were all grades and degrees 
of obstruction. The authors cited above have directed attention to 
the foreign body that frequently acts as a ball valve. 

Table 1. —Bacteria Isolated With Various Types op Foreign Body. 


Foreign bodies and percentages of 
isolations in: 


Bacteria. 

Times 

isolated. 

76 

inorganic. 

22 teeth 

8 bones 

73 

peanuts. 

67 

vegetal. 

Streptococcus hemolyticus 

. . 63 

22 

26 

26 

29 

Streptococcus viridans 

. . 85 

25 

43 

31.5 

44.7 

Streptococcus non-hemolyticus . 

. . 29 

14.4 

10 

8.2 

13 

Diplococcps pneumoniffi . 

. . 94 

32.8 

46.6 

43.8 

32.8 

Neisseria 

. . 153 

55 

56.6 

73.9 

59.5 

(N. catarrhalis, N. sicca, N. 

flava, N. crassa, N. mucosus) 
Corynebacteria 

flava, N. Bub- 

. . 54 

21 

13 

26 

22 

Staphylococcus pyogenes aureus 

. . 54 

38 

26.6 

23.2 

16 

Staphylococcus pyogenes albus . 

. . 65 

33 

43 

42 

31 

Mycobacterium tuberculosis . 

. . 1 

1 

0 

0 

0 

Bacillus mucosus capsulatus . 

. . IS 

9.2 

0 

5 

10 

Hemophilus infiucnztc 

. . 34 

5.2 

33 

16 

11.9 

Bacillus coU communis 

. . 2 

1 

0 

0 

1.4 

Bacillus coli communior . 

. , 2 

1 

0 

0 

1.4 

Tvlicrococcus tetragenus 

. . 11 

6.5 

6.6 

2.6 

2.9 

Bacillus bronchisepticus . 

. , 1 

1 

0 

0 

0 

Bacillus subtilis 

. . 1 

1 

0 

0 

0 

Proteus tmlgaris 

. . 1 


1.3 

0 

0 

Vibrio (unidentified) . , . . 

. . 2 

2.6 

0 

0 

0 

Monilia (Castcllani) . . , . 

. . 6 

2.6 

0 

1.3 

4.4 

Bacillus fusiformis .... 

. . 2 

2.6 

0 

0 

0 

Spirochffita 

. . 2 

2.6 

0 

0 

0 

Actinomycetes 


0 

0 

2.6 

0 


Results. Table 1 is a summary of the number of times each 
bacterium was isolated and the percentage of times it was isolated 
in each group of foreign bodies. I have classified the Neisseria as a 
group; they can hardly be regarded as very potent pathogens. For 
the same reason the Corynebacteria are put in a group. Coryne- 
bacterium diphtherise was never isolated. A certain ill-defined 
group of organisms, thread-like in structure, branching or non- 
branching, and referred to under many names, I have grouped as 
Actinomycetes. By jNIonilia I mean certain yeast-like organisms 
classified* by Castelfani.- Mycobacterium tuberculosis Avas recovered 
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once from the bronchus of a tailor, aged 67, who aspirated a tooth 
a month prior to the time of taking of the culture. He had_ had 
tuberculosis for many years. In addition to the tubercle bacillus, 
S. mimis and Bvplococcus 'pneumonia were recovered. Table 2 is 
a comparison between the more important bacteria and age groups. 
There is a sufficient number of cases from the first to the eighth 
years and in the first decade to provide some idea of the frequency 
of organisms at these ages. For the other ages the number of cases 
is too few for conclusions to be drawn. Cultures have practically 
always contained more than one kind of organisms. Pure cultures 
from this source are the exception rather than the rule. Sometimes 
as many as 7 or 8 kinds of bacteria have been recovered. I have 
purposely not listed anaerobic bacteria because the total number of 
cultures so made is not sufficient for comparisons. One point is 
reasonably certain, however, many of the cultures did. not develop 
a groudh under anaerobic conditions. The anaerobic organisms most 
frequently recovered were streptococci. They can be put down as 
anaerobic and partially anaerobic organisms. At one time in this 
studj'^ a rather large series of pneumococci were typed; by far the 
greatest number of these were of Type 4. 


Table 2.— Relation of Bacteria Isolateb to Age Groups. 


Years. 


t 

Age of patient ' 0-1 

1-2; 

1 

2-3 

1 

3-4li-5 , 

5-6 

6-7 

00 

8-9! 

9-10 

10-20 ' 

20-30 1 

30-AoS 

40-50 j 

50-60 j 

00-70 

>5\itQ\jeT oi pa- '] 

' 


1 

; 



\ 

1 






ticnts , . • I ! 

31 1 

41 

23 

17 1 17 j 

15 

S'l 

101 

1 

, U; 

( 

10 

i_n| 

1 

1 ^ 

4 

i 1 

‘ 1 


Gccumnj 

cein 

: per! cent ^age. i ! ^ i 



Streptococcus 75 

22' 

34 j 

34 

1 

29, 

13 

26 

25i 

141 

40 1 

1 

33 

20 

18 

' 4 : 

59 

0 

hemolyticus j , 




.5 

6 



501 

' 1 



Streptococcus j 

48 i 

29 

43 

64 1 

29 

66 

25 

14 

50 ! 

80 

35 

20 

i 50 , 

0 

viridans 1 1 






^ 0 



1 

1 


Streptococcus 1 

19 i 

12 

17 


17 

G 

37 

141 

20 

; 5) 

20 

9 

0 

i 0 

0 

Txoulicmo^ylJcus 1 '/ 


I 

.8 

■91 


.6 

.5 



i 


Staphylococcus , 75 1 

60 

1 39 

4t 

29 

i 29 

33 

37 


20 

38 1 

40 

11 

j 20 

0 

0 

albus ; i 







.5 

j 


1 

1 



Staphylococcus | 

35 

19 

17 

41 1 


26 

87 

28 < 

i 20 

33) 

30' 

0 

1 

so 

25 

aureus ' j 



.8 


1 


.5 1 

.5 


. 3 I 



Pneumococcus ] , 

60 

22 

5 

35 

11 

40 

25 

25 

0 

33 i 

40 

35 

40 

251 

j 

0 

B. Influenztt j 

I -9 


.2 


.6 



•s! 


.31 



‘ 12 

12 

17 

47 

5 

20 

12 

14' 

20 

331 

20^ 

Oj 

I co| 

0 ] 

0 

B. mucosus j 

capsulatus | 

1 

\ 

.8 


.9 


.5 



.31 




j 19 

i 

1 g 

t 

4 

17 

! ” 

6 

.6 

0 

14 

10 

1 

10 

9 

0 

1 

25 

25 


Comments. Comparing the microorganisms recovered with the 
foreign bodies it is apparent there is little difference in the fre- 
quency of occurrence of organisms in the different series of foreign 
bodies. The figures for hemoljffic streptococci have percentages 
winch approach each other numerically. In the group of peanuts 
there were 43% of pneumococci against 32.8 % in the other vegetable 
foreign bodies, and 46.8% among the teeth and bones. Since pea- 
nuts and other vegetable substances are of a similar nature and 
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teeth and bones dissimilar, the close numerical ratio between .unlike 
foreign bodies and its disproportion in like ones makes it evident 
that the foreign body of itself does not influence the character of the 
bacterial flora. Similar differences may be observed for the other 
organisms such as the staphylococci, Sirej]. viridans and H. influ- 
enzae. In brief the organisms and the foreign body bear no direct 
relation to one another. 

In the comparison between bacteria and age groups the situation 
is similar. In those instances in which the groups are large enough 
the same kind of disproportion between age groups and bacteria is 
apparent. The same sort of thing is so obvious with regard to 
length of sojourn of the foreign body in the respiratory tract and its 
location there, that I have not deemed it necessary to exliibit tables. 

One might ask if this study of the flora in these cases demonstrate 
anything worth while. I believe it does. Since the bacteria recov- 
ered from the lesions are similar to the organisms of the mouth it 
is reasonable to suppose that some of them were aspirated with the 
foreign body or that they were present at the site of the lesion when 
the foreign body was aspirated. This is even more apparent when 
one considers the presence of M. iuherculosis in an instance in which 
there can be no argument, since the patient was known to have 
suffered from tuberculosis for many years. ’ The occurrence of 
organisms, rather unusual for the respiratory tract, like Frot. vulgaris 
and B. coli is fairly good proof of contamination of the foreign .body 
with these organisms. Most of the microorganisms recovered, are 
capable of setting up pyogenic infections. Since the pus usually 
contained several kinds of bacteria, it is not possible to be absolutely 
certain which is the exact exciting agent. Yet there are certain ■ 
characteristics of growth about some of these organisms that seems 
signifleant. Chief among them is the quantitative difference of 
growth of the bacteria on a single blood plate. Very often it happens 
that upon such plates almost all of the bacterial colonies are of one 
kind. There are colonies of other bacteria present but they are 
few in comparison. This phenomenon is particularly striking with 
reference to S. atireus. From my observations of bacteria isolated 
from several thousand pulmonary lesions other than those resulting 
from foreign bodies I have observed how often S. aureus exhibits 
this property, in this instance and how rarely one sees plates seeded 
from the pus of a pulmonary abscess, or a bronchiectatic cavity like 
them. The latter lesions, however, are far more common. When 
such an incident occurs it is fairly good presumptive evidence that 
the organism is the likely etiologic factor. 

With regard to the degree of severity of the lesion, one is not 
often able to restrict its cause to one or the other type of organism 
present. All of the evidence seems to point to the conclusion that 
other things being equal one kind of bacterium is as capable as 
another of producing severe reactions. One of the most noteworthy 
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features in this respect is the frequent occurrence of the pneumo- 
coccus in these lesions. Yet Dr. Thomas McCrae, remarking that 
he had not observed pneumonia in any of these cases, suggested that 
there is food for thought on the pathogenesis of pneumonia in this 
connection. 

While the importance of the bacteria is not to be minimized in 
the reaction occasioned by this accident, the type of foreign body 
and obstruction to drainage are the more important etiologic 
factors. The lesions have many things in common with obstructive 
lesions elsewhere in the body such as an obstructed sinus, gall 
bladder, or ureter. Sooner or later infection follows in their wake. 
In the tracheobronchial tree this usually occurs earlier than in 
some of the other localities of the body and it is often more apparent 
because of the extreme youth of the patient and the danger to life. 

Summary. 1. Cultures seeded from pus bronchoscopically col- 
lected from the trachea and bronchi furnish more reliable data on 
the kind of microorganisms there, than those seeded from expector- 
ated material. 

2. The bacterial flora present in the air passages in which a foreign 
body is lodged does not materially change with the type of foreign 
body, its location or length of sojourn there, the age of the patient 
and degree of obstruction induced by it. 

3. Other things being equal, one pathogen seems as capable 
as another of producing severe grades of infection in an obstructed 
tracheobronchial tree. 

4. Quantitative differences in the numbers of colonies of different 
organisms on a plate of blood agar seeded from pus recovered from 
these lesions are a reliable guide in estimating the part that a given 
organism plays in the resulting infection. 

5. The indications from a limited number of studies of the anaero- 
bic bacteria from such lesions are that they are of minor importance. 

6. The bacterial invasion and infection of the tissues of the lower 
respiratory tract at the site of a foreign body seem to follow the 
same general principles as those encountered in obstructive lesions 
elsewhere in the body. The irritation produced by the obstructing 
body itself and the amount of hindrance to drainage, primarily, 
knd, secondarily, other factors favoring or hindering microbic 
multiplication such as the age and hardihood of the tissues, pressure 
pn them and the duration of the irritation, determine and’ limit the 
infection. 
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THE DIFFERENTIAL BLOOD PICTURE OF A GROUP OF RURAL 
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(From the Department of Bacteriology, Preventive Medicine and Public Health.) 

The functions of the eosinophils, the basophils and, to a lesser 
degree, the lymphocytes and monocytes, are not as tvell understood 
as are those of the neutrophils. Any observations which tend 
toward the explanation of their function or an analysis of factors 
associated with relative or absolute changes in the percentage of 
these elements in the blood should be of value. It is primarily 
for such a reason that this paper is written. 

It analyzes the laboratory findings in 706 of the 849 persons 
studied during a public health survey in Bullock County, Ala., 
during 1934. In 143 no laboratory test or specimens were obtained 
for examination, for one reason or another. This survey was a 
house-to-house study to determine the prevalence of syphilis, posi- 
tive tuberculin tests, malaria and intestinal parasites (chiefly hook- 
worms) among the colored people living in and around Union 
Springs, Ala. Special care in the survey was given to environ- 
mental and related factors. When more cases are worked up, an 
attempt will be made to analyze the influence of these socio-economic 
factors. In this report, divided into five groups, however, we shall 
give only the laboratory findings. 

There were 462 persons in the first group; 401 of them were 
between the age of 5 and 34 years. The differential white cell 
counts are given of these 401 persons who were our “normals” 
in that they did not have either a positive malarial smear, animal 
parasites in the stool examination, a positive tuberculin, or history 
of an,v of the diseases generally as.sociated with an increase of 
eosinophils. In the second are the results of 47 persons with 
positive stool examination for intestinal parasites, chiefly hook- 
worms or ascarids. In the third are the results of 71 persons whose 
blood smears showed malarial parasites. In the fourth are Bie 
results of 60 persons in whom the tuberculin tests were positive. 
In the fifth are the results of 1.63 persons who gave some history 
or showed some symptom that might be regarded as related to an 
existing increase in eosinophils. Among the conditions considered 
in this last group are asthma, hay fever, various tyjies of skin lesions, 
history of food sensitivity or of previous serum inoculations. 

* This study ivas made under the direetian and adviee of the Roekefeller l oiinda- 
tion. 
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Group I. “Normals.” All of the persons of Group I were 
objectively and subjectively healthy. A complete white cell differ- 
ential examination of one or more blood smears from each of them 
was done. Between 100 and 250 white blood cells were examined 
from each person. The percentage of the eosinophils and of the 
number of granules in these eosinophils appeared to be higher than 
that usually accepted as normal in most laboratory manuals. These 
results were arranged into seven classes according to age and are 
given in Table 1. 

Because of the small number of infants or very young children 
examined and the highly labile erythrocytic and leukocytic blood 
picture in young children, as pointed out by Goldhamer,i in 1932, 
Klenerman- and others, in 1934, their results are not recorded in 
the table. The eosinophil and monocyte percentages were higher 
than for the class from 5 to 9 years. 


Table 1.~The Average Percentage Differential of ^^HITE Blood Cells in 


A Group of Apparently Healthy' 


Aae 

Neutro- 

Eosino- 

Baso- 

group, 

phils, 

phils, 

phils, 

yrs. 

% 

% 

"c 

5- 9 , 

. 51 0 

12.7 

1.7 

10-14 . 

. 54.0 

9,0 

0 9 

15-19 . 

. 54,3 

10.3 

0.5 

20-24 . 

55 7 

8 1 

0.8 

25-29 . 

. 64.0 

7 0 

1 .0 

30-34 . 

. 61 3 

5 9 

0 0 


Individuals Living in Alabama. 


Lymphocytes. 


Small, 

I.arKc, 

Mono- 

cytes, 

Number 

examined. 

% 

9c 

% 


15.1 

11.2 

8 0 

no 

10 0 

12.0 

8.1 

97 

13.1 

11.0 

10.3 

67 

10 0 

IS 3 

7.9 

41 

12.0 

10.8 

6.0 

50 

18.3 

9,0 

7 0 

36 


Even when our adults were compared with the differential graph 
of Needles'’ (1932), there are cellular differences, of which only the 
eosinophil differences are statistically significant. Needles’’ results, 
obtained from 100 nurses, and our results from 158 individuals 
between the ages of 15 and 30 years, are as follows; 

Ntjutrophils, Lymphocytes, Monocytes, Eosinophils, Basophils, 

‘v ^ ^ •7X C7 

C /( /C ,0 /c 

Needles’ figures . . 70 0 24 0 H.2 1.7 0.5 

Our figures ...57 3 24.3 8.3 S.6 0.7 

All of our smears were stained with either Wright’s stain for 
blood films or Giemsa’s blood stain. In our group the 24% lympho- 
cytes were 11% small lymphocytes and 13% large lymphocytes. 

The average number of grannies in the eosinophils is given in 
'Table 2. The total number of granules is counted in 2 eosinophils 
from at least one of the slides from each person recorded. These 
two eosinophils from each slide that were counted constitute as 
nearly a r.andom sample of normal eosinophils as was possible. 
The objective of the microscope was focused on different parts of 
different slides, and the granules in the first 2 eosinophils that came 
into the field of the objective were counted. Ba' varying this with 
each slide, we were able to avoid the effects of margination fre- 
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quently seen in the more sticky leukocytes in blood smears. Eosino- 
philic myelocytes were excluded from this table, so the results in 
Table 2 are of normal eosinophils with 2 or more lobes in their 
nuclei. 

Realizing that many of these persons ate pork which was not 
government inspected and which might result in a mild trichinosis, 
special efforts were made to exclude such cases from this group by 
history. No biopsies were done. 


Table 2. — The Average Number of GRANtri.ES in Eosinophils in Different 

Age Classes. 


Age group, ' 

JTS. 

5 to 9. 

10 to 14. 

15 to 19. 

20 to 24. 

25 to 29. 

30 to 35. 

Eosinophil granules . 

140±6.2 

109 ±6.6 

110±6.6 

114 ±6.2 

94 ±5 

101±6.4 

Persons examined 

16 

11 

10 

10 

17 

6 


Considering the reports of Biggart"* (1932) and of Stephens® (1935) 
of the probable proliferation of some of the eosinophils from sources 
other than the bone marrow, palpation was done to determine the 
prevalence of superficial lymph adenopathy and enlarged spleens. 
There was found in this group a higher incidence of non-tender palp- 
able lymph nodes, but the splenic index was less. than in Group III, 
where the blood was positive for malaria and where the eosinophils 
were lower. 

From the graphs of Custer and Ahlfeldt® (1932), a composite 
graph may be made which shows the variation in the cellularity 
of the bones of the tibia, femur, ribs, sternum and vertebra with 
changing age. ‘\^dlen a composite graph showing the red (blood- 
' forming) marrow is compared with the eosinophil changes with 
age, the correlation is very high up to the age of 15 years. We feel 
that some additional knowledge may be obtained hy a more careful 
study of the cellularity of bones in animals in which a high eosino- 
phili'a may be produced, along with anaphylactic studies in animals. 
Any definite displacement of yellow (fatty) marrow by red (blood- 
forming) marrow, if carefully controlled and correlated witli tlm 
changes in the cellular elements of the blood under acute experi- 
mental controlled conditions, wmuld appear of value. We are out- 
lining a protocol for such an experiment with the aid of the Depart- 
ment of Pathology. 

The purpose of eosinophil increase is apparently defensive, acting 
not against bacterial diseases, but chiefly toward detoxifying, de- 
stroying and removing incomplete protein metabolic products which 
are injurious to the body. Hadwen" (1925) also thinks that the 
eosinophils may secrete substances which are injurious to the worm.s 
themselves in helminth infestation. 
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Since Klinkert® (1911), Armand-DeLille, Hurst and Sorapnre® 
(1930), and Stewarti” (1933), there have been reported cases of 
“familial” or “constitutional” eosinophilia in which persistent and 
unexplained eosinophilia of a high degree occurred in certain families. 
We attempted to analj'ze our cases to see if the high average per- 
centage was peculiar to certain families. It did not appear suffi- 
ciently definite as a family trait to explain the high average eosino- 
philia. 

With the demonstration of the clinical significance of the different 
nuclear forms of the neutrophils by Arneth^^ (1904), and the corre- 
lation of these changes with hematopoietic activity by Schilling^^ 
(1920), several investigators have recorded observations and dis- 
cussed their significance (Cooke and Ponder^ [1927], Farley and 
others^'* [1930], Kohlmaffi® [1931], Mullin and Large^® [1931], Fitz- 
Hugh^^ [1932], Gorskj"^® [1932], and Needles® [1932]), Most of 
their discussion centers around the diagnostic and prognostic value 
of a .more efficient interpretation of the changes in the percentage 
of cells of the neutrophilic series when divided according to the age 
of the cell or their nuclear configurations. The importance of 
repeated counts on the same individual is emphasized, in order to 
determine not only the percentage at any one time, but the various 
tjqies of shifts. 

We present, for comparison with Needles® (1932) in normal 
nurses in Michigan, a hemogram of 100 similar count on 158 ap- 
parently healthj^ negro adults in rural Alabama between the ages 
of 15 and 29. In my group, the males and females are about equal. 


Class. 

I. 

II. 

III. 

IV. 

V. 

Normal nurses (Needles) 

S.4 

22.9 

26.7 

8.7 

3.2 

Our normal negroes . 

. 11.0 

17 6 

18.9 

7.6 

1.9 


The neutrophils were 57.3 % of the white cell count in our series. • 
In this hemogram. Class I represents the non-filaments, while 
Class V represents those of 5 nuclear lobules connected by filaments. 

Group II. Persons Harboring Intestinal Parasites. Under 
the heading of monocytes are placed both the large mononuclears 
and the transitionals because they respond to the same stimuli, 
probably coming from the reticuloendothelial system, according 
to Gorskyi® (1932). According to Poindexter'® (1934), the platelet 
response is associated with the same stimuli. In 1 boy, aged 8 years, 
who was highly infested with hookworms, as determined by the 
poll count, there was found not only 31 % of eosinophil leukocytes, 
blit also 4% of eosinophilic myelocytes with their rounded, non- 
lobed nuclei. 'VSffiile we did not rule out a malignant tumor or 
leukemia, we could not find any further evidence to suggest either 
of them. 
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Table 3.— The Average Differextial AVhite Cell Count According to Age 
IN 47 Persons "With Intestinal Parasites. 


xAgc 

Neutro- 

Eosino- 

Baso- 

Lymphocytes. 

Mono- 

Number 

group, 

phils, 

phils, 

phils, 

Small, 

Large, 

cytes, 

examined. 

yrs. 

% 

% 

% 

% 

% 

% 


5-14 . 

. 4S.1 

21.7 

0.6 

12 

9 

9.0 

26 

15-24 . 

. 53 0 

14.9 

0.9 

12 

12 

6.1 

14 

25-35 . 

02.6 

12.5 

0.6 

11 

9 

3.1 

7 


Group III. Persons Infested With M.clarial P.\rasites. 
Table 4 gives the results of persons who gave a positive blood smear 
for malarial parasites. While some of these patients Avere very 
anemic and gave a history of chills and fever at various times within 
the last year, none of them was confined to bed or acutely ill at the 
time the blood smears were taken. 


Table 4. — The Average Differential AVhitb Cell Count on a Group of 
71 Individuals From AVhom a Blood Smear Was Positive 
FOR Malarial Parasites. 


.Ago 

group, 

yrs. 

Neutro- 

phils, 

% 

Eosino- 

phils, 

% 

Baso- 

phils, 

% 

Limiphocytcs. 

Mono- 

cytes, 

% 

Number 

examined. 

Small, 

% 

Large, 

■ % 

5-14 . 

. 53.9 

6.4 • 

1.0 

13 

15 

10.0 

37 

15-24 . 

. 57 0 

6 0 

1.3 

12 

12 

10.6 

22 

25-35 . 

. ■ 62.1 

4.9 

1.3 

13 

11 

6,S 

12 


The two chief observations here are the lower eosinojihil and the 
higher monocyte percentage. The latter is what would be expected, 
but the former is still controversial. Some obseri^ers contend that 
there is an eosinophilia in chronic malaria, while others say that 
there is a decreased eosinophil percentage with the increase in 
anemia from the malaria. In this group, which is composed pri- 
marily of carriers, we did not find a high eosinophil percentage. 
The differential blood picture did not correlate highly with that of 
patients inoculated ivith the malarial parasite for the treatment 
of paresis, as reported by Winfield^® (1932). 

Group lY. Persons With Positive Tuberculin Test. Table 5 
shows the results of a study of the differential count of a group of 
persons living in rural Alabama who reacted positively to an intra- 
cutaneous injection of 0.01 mg. of O.T. 


Table 5. — xVverage Differential White Cell on Group of 00 Persons 
Who G.ave a Positive Tuberculin Reaction. 


.Age 

Neutro- 

Eosino- 

Baso- 

Lymphocytes. 

Mono- 

Nundjer 

group. 

phils, 

phils, 

phils, 

.Small, 

Large, 

cytes, 

exaniincd. 

yrs. 

% 

‘;c 

% 

Tr- 

% 

7o 


5-14 . 

5G 1 

S. 5 

O.S 

io 

14 

4.5 

19 

15-24 . 

. 61 0 

5 9 

0.8 

15 

12 

4.1 

30 

25-.35 

02 1 

3.8 

1.1 

15 

13 , 

4.1 

11 


Of the 706 individuals Avho had various tests and examinations, 
576 had the tuberculin test. Sixty (10.4%) gave positive tuberculin. 
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When these results Avere dhnded according to age, 6% of those 
between the ages of 5 and 14 years gave positive tuberculin; 19% 
between 15 and 24 years and 21 % between 25 and 35 years. The 
•highest incidence Avas among those Avho gave a history of working 
or living in the nearby toAvns or city during the season when they 
Avere not planting or harA’esting. 

Group V. Miscellaneous. The results of this group are listed 
in Table 6. This group contains a miscellaneous group of 153 indi- 
viduals AAdio either gave a history of some type of sensitivity or 
dermatitis. One case in this group AA’as infested AA'ith Cochliomyia 
macellaria at the time the smear was taken. None of them Avas 
confined to bed at the time the blood for the differential Avas taken. 


Table G. — Differential Blood Count in Cases op Sensitivity or Dermatitis. 


Age 

Neutro- 

Eosino- 

Baso- 

Lymphocytes. 

Mono- 

Number 

group, 

phils, 

phils, 

phils, 

Small, 

Large, 

cytes, 

examined. 

yrB. 

% 

% 

% 

% 

% 

% 


5-14 . 

, 56.1 

9.0 

1.1 

17 

14 

2.9 

40 

15-24 . 

. 59.6 

11.4 

1.0 

13 

11 

3.8 

64 

26-35 . 

. 64 3 

11.6 

1.0 

11 

10 

2.6 

49 


Discussion. While least is known about the function of the 
basophils, the eosinophils certainly appear to be next. The fre- 
quent association of hypereosinophilia with certain clinical condi- 
tions and folloAAdng sensitivities of certain types of parenteral pro- 
tein administration, has been sufficiently frequent to AAmrrant the 
hypothesis that it is a response to incomplete protein metabolic 
products in the body. 

Kelly^^ (1935) reports a 92% eosinophilia in a boy, aged 10 years, 
with 180,400 white blood cell count. The only positiA-'e facts AA'ere 
a pain in the joints, a history of feAmr and a questionable cardiac 
murmur and an enlarged spleen. He thinks that certain persons 
hai'e a highly sensitNe blood-forming system and an allergic response 
to a stimulus, Avhich may express itself in the form of hypereosino- 
philia instead of by a temperature or skin reaction as seen in certain 
responses to bacterial or animal proteins or pollens. 

A report of eosinophilia in a case of dermatoneuromyositis by 
Sluczewski-- and others (1931), in which no other ex]fianation Avas 
found, and the reference of Stitt-* (1917) to the belief of Neisser 
that increased eosinophils may be due to an expression of the 
sympathetic system irritation, places that system under scrutinv. 
MeC ullogh and Dunlap*^ (1932), howex^er, did not find the eosinophil 
percentage markedly disturbed in either hyperthyroidism or hypo- 
thyroidism. Cooke-* (1932) thinks that the hereditary (atopic) 
factor in asthma, AA'hiie not causal, may be responsible for the 
creation of an offspring of a more sensitive system, Avith a tendency 
toward the capacity for allergic manifestation, and the hematopoietic 
system, from Avhich the eosinophils come, may be a part of this 
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inherited sensitive system to allergic or anaphylactic reactions. 
The system from which the eosinophils come maj^ be either the bone- 
marrow, hemolymph nodes or their equivalents. 

Animal experimental evidence and clinical observation have led 
Banerji^® (1933) and Chillingworth” (1934), to believe that the 
increased eosinophilia in astlima is associated with the overdisteii- 
tion of the alveolar spaces. Associated with this alveolar distention 
are repeated forceful expiration, increase in carbon dioxid tension 
and probably disturbance of the acid-base equilibrium which may 
reflejdy stimulate the sympathetics. 

The explanation of the differences in percentage of some of the 
formed elements in the blood of this group of rural negroes living in 
Alabama, when compared with the average for the country as a 
whole, or with studies in a northern state, as Michigan, is not known. 
1/STiether there are racial, meteorologic, occupational, nutritional or 
obscure infectious factors which seem to be able to change the 
pattern of a differential count, are points which further study may 
clear up. The dietary habits of most of these people were con- 
ducive to vitamin deficiencies. lAfiiile the cases of pellagra occasion- 
ally seen were not included in these averages, mild cases in the early 
stage may have been included unknowingly. This is especially 
worthy of thought when we realize that the dermatologic manifes- 
tations, which generally attract our attention, are secondary to 
neurologic damage. In this way the effects may be at work for a 
long time before they are externally manifested. The findings of 
this group compare favorably with those of a group of natives of 
Guam who were similarly studied. We hope others who may be 
interested in these facts may check them by similar studies of small 
localized groups under somewhat comparable conditions. 

Because we did not find any parasites in the stools of the normals, 
we are not ready to say that the increased eosinophils were not 
associated with previous helminth infestations, since small numbers 
of ova in the stool, or a stool temporarily free from ova, are certainly 
not a criterion of previous infestation and not an absolute criterion 
of the absence of a small, relatively inactive female infestation, or a 
male infestation, either of which may cause some eosinophilia. This 
is probably not the case, however, as the age variation in the eosino- 
phil percentage in the normal group did not correspond to the 
relative prevalence according to age, of hookworm infestation. 

Summary and Conclusion. We have presented the results of our 
observations on white blood cell differentials from a group of rural 
negroes living in Bullock County, Ala. In laboratory studies, on 
706 of the 849 persons studied, 401 were found to be free from 
animal parasites and other allergic diseases. These served^ as 
“normal” controls. This group, as well as the malarial positive, 
hookworm positive, tuberculin positive, and those with a positive 
listing of sensiti\’ity, gave an average white blood cell differential 
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which does no't correlate with that usually recorded in manuals as 
guides, anci averages from more northern climates, and of persons 
of different occupations. The most consistent differences were a 
lower neutrophil percentage and a higher eosinophil and monocyte 
percentage in our group. This was true not only with those having 
some condition which could explain this difference, but also with the 
so-called normals. The most pronounced unexplained difference 
was the high eosinophil average. The average number of granules 
in the eosinophils was higher in those wdth the larger percentage of 
eosinophils. The question of whether these differences are racial, 
meteorologic, occuptional, nutritional, obscure, infectious, or a com- 
bination of these or other factors, is not answered. 

I wish to express my appreciation to Ruth V. Poindexter, my wife, whose tireless 
efforts are responsible for the records of histories in these cases and much of the 
laboratory work as it was read off by me; to Dr. J. N. Baker, State Health Officer, 
Montgomery, Ala., and his clerical and laboratory staff, who w^ere generous both 
in their timely advice and laboratory assistance; to Numa P. G. Adams, Dean of 
the Howard Medical School, through whose courtesy most of the material was made 
available; to Dr. Eugene H. Dibble, Medical Director of the John A. Andrew Memor- 
ial Hospital of Tuskegee Institute, and his staff, especially Miss Allouise S. Jaxon, 
Assistant Superintendent of Nurses, who very kindly placed at my disposal all of 
the hospital equipment for use in sterilizing and cleaning; and to the staff members 
of my department here who have assisted me during the winter in completing the 
counts. 
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Diet Control. A S3''stem of Eleven Hundred Diets for the Prescription 
of Diabetic, Anti-obesity and Measured Diets in General. By George 
E. Anderson, jM.D., Attending Ph3"sician to the Brooklyn and the 
Lutheran Hospitals; Chief of Metabolic Clinic, the Brookl3n Hospital, 
and Paul Chadbouene Eschuteiler, M_.D., Assistant Attending Physi- 
cian to the Brooklyn and the Methodist-Episcopal Hospitals; Senior 
Physician, Metabolic Clinic, the Methodist-Episcopal Hospital. Un- 
paged. New York; Gallo & Ackerman, Inc., 1935. Price, S3.50. 

This unique offering presented in a loose leaf coi'-er contains a blooklet 
of descriptive text relative to diet prescriptions. It offers a quick, moder- 
ately accurate presentation of caloric values and all necessary tables for 
establishing a dietar3’- for the uncomplicated diabetic arteriosclerotic, 
diabetic children and the obese. Subsequent material consists in twent3' 
indi^'idual diet booklets for the patient vuth readily understandable instruc- 
tions and food table data. 

The authors consider this a simple flexible method for the prescription 
of measured diets with ample latitude for modifications as tlie occasion 
arises. 

The Beiiew’er feels that the material is aptly suited for workers in meta- 
bolic clinics and practitioners’ offices where a ready dietary clearl3" presented 
is a necessit3L The presented food tables lack in accuracy and completeness 
in relation to the rapid strides shown in the field of nutrition during the 
recent 3’^ears, but they present the orthodox routine analyses. 

M. B. 


The Spleen and Resistance. B3' D.lvid Pebla, M.D., Associate Pathol- 
ogist and Bacteriologist, Montefiore Hospital, and Jessie Marmorston, 
M.D., Associate in Patholog3q Cornell University Medical College. 
With a Foreword 113" Daaud Marine, M.D. Pp. 170. Baltimore: 
The Williams & Wilkins Compan3’^, 1935. Price, 32.00. 

The effect of the spleen on resistance to infectious and metabolic diseases, 
neoplasms and other disorders has long been a subject that has engaged 
the attention of medical investigators, both for its scientific interest and 
practical importance in handling disease. This book presents not onl}' 
a critical re^^ew of the complex literature on the subject but also the authors' 
not inconsiderable personal contributions. In the important question of 
the relation of the spleen to bacterial antibodies the authors conserrati'veliL 
conclude that it has a marked abilit3^ to fix antibod3q and that its import- 
ance in antibod3^ production is strong^ suggested but not unequivocally 
established; it “is essential in the maintenance of the natural resistance" 
to certain infections in many species. 

Yfliile the eHdence is adequatel3' presented and in general the deductions 
are acceptable, to some statements exceptions must be taken; the liglit 
area in the center of the Malpighian follicles definiteb' is not a “germinal 
center consisting of diHding Rmphoblasts" (p. G); neither should it be 
stated that “the spleen shows little or no change in any of the stages of 
acquired s3;philis’’ (p.' 38); objections to Evans’ red and gray 13116® of 
acute splenic tumor (p. 17) and reticulo-endothelial system (p. 4G) are not 
well taken. Granted the need for rcsurvcy of some fields in the light of 
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latent Bartonella and other infections, still it is very doubtful if the sugges- 
tion will stand that the spleen is of little importance in the metabolism of 
iron, though essential in the utilization of copper. In a field where there is 
so much difference of opinion and observation, the paucity of such objections 
is in itself a tribute to the value of this text, which is to be welcomed as a very ' 
useful contribution. E- K. 


The PnocEBniNGS of the Charaka Chub. Vol. VIII. Post Multa Virtus 
Opere Laxare Solet. Pp. 202; illustrated. New York: Columbia 
University Press for the Charaka Club, 1935. Price, S5.00. 

The anticipatory pleasure of opening a new volume from this unique 
club of medical literati is heightened by the four-year wait that has fol- 
lowed the appearance of its seventh volume. Nor could any one be dis- 
appointed. The twenty-five articles are supplemented by a list of sixty- 
three contributions given but not published. Most important, perhaps, 
is S. W. Lambert’s “Reading from Vesalius” on vivisection (Bk, VII, 
Chap. 19), which gives not only a translation and a photograph copy of the 
wliole chapter in the second edition, but a trenchant essay on Vesalius’ 
phj'-siologic knowledge and on the ethics of vivisection. Sachs’ eulogy of 
G. D. Stewart, a deceased member of the club, is followed by several delight- 
ful lyrics by Stewart scattered through the volume. The versatility of the 
members, though producing too many and varied articles to be considered 
here, well support their motto, “Post multa virtus opere laxare solet.” 

E. K. 


The Depopulation of Pacific Races. Bernice P. Bishop Museum 
Special Publication 23. By S. M. Lambert. Pp. 42; 11 illustrations, 19 
tables. Honolulu: Bishop Museum Press, 1934. Price, SI. 00. 

This study, conducted with the support of the Rockefeller Foundation, 
demonstrates that 1, in the Eastern Polynesian islands the native popula- 
tion has been reduced to a point that seems to preclude their racial regenera- 
tion; 2, the mixed native population of the mid-Pacific islands are safely 
on the upgrade, while, 3, the purely Melanesian islands of the west Pacific 
are still on the decline. The successful development of native practitioners 
in the Fiji and other mid-Pacific islands SHggests that this may offer an 
important factor in the solution of the problem of racial regneration. 
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Lilly Research Laboratories— Dedication. Pp. 128; illustrated. Indian- 
apolis: Eli Lilly & Co., 1934. 

Ntdriiion and Disease. The Interaction of Clinical and Experimental Work. 
By Edwakb Mellanby, M.D., F.R.C.P., F.R.S., Late Professor of 
Pharmacology, University of Sheffield; Consultmg Physician, Royal 
Infirmary, Sheffield; Secretary of Medical Research Council. Pp. 171- 
illustrated. London; Oliver & Bo 3 ffi, 1934. Price, 8/6. 

Diet and Physical Efficiency. The Influence of Frequency of Meals Upon 
Physical Efficiency and Industrial Productiidty. By Howard W. 
Haggard, M.D., and Leon A. Greenberg, Ph.D., of the Department 
of Applied Physiolog}^ in Yale University. Pp. ISO; 31 illustrations and 
So tables. New Haven: Yale University Press, 1935. Price, S3.00. 
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Lactobacillus Acidophilus and Its Therapeutic Application. By Leo F. 
Rettger, Ph.D., LL.D., Professor of Bacteriology in Yale University, 
Maebice N. Levy, M.D., Practising Physician, Bridgeport, Conn., 
Louis Weinstein, Ph.D., and James E. Weiss, Ph.D., Research Fellows 
in Yale University. Pp. 203. New Haven; Yale University Press, 1935. 
Price, S2.50. 

‘ The Surgical Clinics of North America, Vol. 15, No. 3 (Chicago Number— 
June, 1935). Pp. 239; 119 illustrations. Philadelphia; W. B. Saunders 
Company, 1935. Price, Paper, $12; Cloth, $16. 

This Chicago number offers 9 articles in a Fracture symposium and 12 others 
on a variety of topics by well-known surgeons. 

Die Werke des Hippokrates. Herausgegeben von Dr. Med. RicHjVrd Kap- 
EERER unter Mitwirkung von Prof. Dr. Georg Strickeb, Wurzburg. 
Book 6 (Price, Rm. 7.50), Luft, Wasser und Ortslage (Air, Waters and 
Places); Book 9 (Price, Rm. 7), Die Diat (Lebensordnung) in akuten 
Kranklieiten (Diet in Acute Diseases). Book 6, pp. 84; illustrated. 
Book 9, pp. 95. Stuttgart; Hippokrates-Verlag G.M.B.H., 1934. (To 
be published in 25 parts costing ca. Rm. 100, card binding.) 

Child Pspchiatrij. By Leo Kanner, M.D., Associate Professor of Psychi- 
atryj'The Johns Hopkins University. With Prefaces by Adolf Meyer, 
M.D., LL.D., Henry Phipps Professor of Psychiatry, The Johns Hopkins 
University, and Edward A. Park, M.D., Professor of Pediatrics, The 
Johns Hopkins University. Pp. 527. Springfield, 111.; Charles C 
Thomas, 1935. Price, S6.00. 

Apparatus and Technique for Roentgenography of the Chest. By Charles 
Weyl, and S. Reid Warren, Jr., Moore School of Electrical Engineering, 
University of Pennsylvania. Pp. 166; illustrated. Springfield, III.; 
Charles C Thomas, 1935. Price, $5.00. 

The International Medical Annual. Fifty-Third Year, 1935. A Year Book 
of Treatment and Practitioner’s Index. Editors; H. Letheby Tidy, 
M.A., M.D. (OxoN.), F.R.C.P., and A. Rendle Short, M.D., B.S., 
B.Sc., F.R.C.S., with 31 Contributors. Pp. 522; 60 illustrations and 
64 plates. Baltimore; Wm. Wood & Co., 1935. Price, $6.00. 

From “abdominal surgery” to “yellow fever" this useful annual made in 
Great Britian covers medical progress in 1934 in a very satisfactory manner. 

The Medical Man and the Witch During the Renaissance. The Hideyo 
Noguchi Lectures. Third Series, Vol. 2 of the Publications of the Insti- 
tute of the Historj’^ of Medicine, The Johns Hopkins University. By 
Gregory Zilboorg, M.D., Pp. 215; illustrated. Baltimore; The 
Johns Hopkins Press, 1935. Price, $2.50. 

Vier Vorlesungen iiber Kreislauffragen. Gehalten an der spanischen Uni- 
versidad International de Verano en Santander. By Dr. Bruno IGsch, 
Ordentlichem Professor der Physiologic an der Universitat Koln. Pp. 64; 

6 illustrations. Koln; Paul Kuschbert, 1934. Price, Rm. 3.60. 


NEW EDITIONS. 

The Diseases of the Endocrine Glands. By Hermann Zondek, M.D., 
(Berlin), Director of the Medical Division, Bikur Chohm Hospital, 
Jerusalem, etc. Pp. 492; 168 illustrations. Tiiird Edition Revised and 
Enlarged, Translated by Carl Pbausnitz, M.D., (Breslau), ;M.R.p.S. 
(Eng.), L.R.C.P. (Lond.), Honorary Research Fellow, Victoria Univer- 
sity of Manchester, etc. Baltimore; William Woo_d & Co., 1935. Price, 
$ 11 . 00 . 
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ARTERIOSCLEROSIS AND RHEUMATISM 

Arterial Calcification Associated Witli Renal Disease. Calcification 
of the arteries arises under certain circumstances. The variety usually 
encountered is the calcification of the media of the peripheral arteries 
which goes by the name of Moenckeberg’s sclerosis. On tiie other hand, 
calcification also occurs in the areas of atheroma of the intima, and 
appears to be a deposition of tire calcium salts in relation to the presence 
of fatty acids or their salts. Virchow long ago encountered a number 
of cases of metastatic calcification of arteries and other tissues arising 
as a process secondary to extensive destruction of the bony tissues, 
This type of arterial calcification is quite unusual. On the other hand, 
there is also a variety of calcification affecting the arteries, which is 
based on faulty metabolism. Such cases are occasionally encountered 
in very young children in whom no obvious lesion accounts for the 
widespread deposition of calcium in the arteries. 

Hesse^ describes the case of a woman aged 29 years, who in childhood 
had suffered measles, scarlet fever, renal incompetency and anemia, and 
in whom tlie renal condition became progressively more severe. She 
suffered occasional attacks of angina and on such occasions the urinary 
findings showed an acerbation of tire kidney condition. At autopsy a 
generalized arteriosclerosis was encountered, the arteries being impreg- 
nated witli a calcium deposit in the media. There was very little 
intimal change. This process of calcification affected the aorta and 
all of its branches even to the smaller visceral arterioles. The renal 
lesion was of the nature of glomerulonephritis vdth a great deal of 
contraction. The autlior, however, finding peculiar tubular changes, 
was inclined to believe tliat a congenital hypoplasia of the kidney had 
existed prior to the onset of the nephritis. In rcYiewing the description 
of tliese organs we cannot feel conrinced in tins latter interpretation. 

It would appear tliat in this case the renal lesion was associated with 
an altered metabolism of calcium or a change in the secretory ability 
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of the kidney for calcium. There are no studies available to indicate 
■whether this patient suffered from a hypercalcemia during life. The 
case, however, illustrates the development of calcareous deposits in 
the arteries under conditions of renal insufficiency. 

Arteriosclerosis of the Arteries of the Tongue. In the many studies 
on the distribution of arteriosclerosis, evidence is available on the 
incidence of the condition in almost every artery of the body. Thiessen- 
husen,' however, points out that no contribution is available dealing 
with the presence of arteriosclerosis in the arteries of the tongue. 
He undertook an examination of a series of cases in which the lingual 
artery and its branches were dissected out and the character and dis- 
tribution were noted. Some interesting facts arose in this investigation. 
The author points out that the muscles of the tongue are probably in 
greater activity through life than any other muscle group. The lingual 
arteries continue to develop and increase in thickness of the media up 
to 20 years; from then on until the fifth decade the arteries remain fairly 
constant in their size; after the fifth decade the media. again begins to 
increase its diameter. The intima varies greatly in thickness, some- 
times showing some diffuse thickening, at other times showing nodules. 
This intimal change is not accompanied with th.e deposition of fat and 
is not of the nature of atherosclerosis. It appears to resemble the 
hj-perplastic overgrowth of the intima in which the elastic fibers increase 
in number. He noted that the internal elastic lamina from 5 years 
onward always showed more or less splitting. Furthermore, after the 
age of 29 there was a deposition of calcium in some portion of the 
elastic fiber; with age this deposition increased until the vessel was 
completely encircled by a calcareous ring. Not uncommonly an exten- 
sive calcification of the internal elastic lamina was unaccompanied by 
other changes in the intima. The author is unable to offer any explana- 
tion for this curious arterial change unless it is assumed that through 
the activity of the artery the elastic fibers suffer certain chemical and 
physical changes allowing the deposition of calcareous granules. 

The Relation of Atherosclerosis of the Abdominal Aorta, the Carotids 
and the Carotid Sinus to Rheumatic Fever. The initiative for tliis 
pathologic study arose through the discussion Ijy Weil at the recent 
Utrecht Conference, in which he indicated that a very large proportion 
of disease conditions in man had their origin in rheumatic, infections. 
This again gave rise to the controversy, as to what shall be determined 
as rheumatic. Clinically it is very difficult to make a clear differentia- 
tion by symptoms alone, rvhile the laboratory tests during life are still 
insecure. The pathologist, however, has the opportunity of utilizing 
a criterion, which is fairly satisfactory for determining the rheumatic 
condition, by the Aschoff' nodule. In general the authors are agreed 
tJiat tins curious reaction arising in the various tissues of the body is 
distinctive for the rheumatic state. A difficulty, however, does present 
itself in accurately defining the Aschoff nodule. Gigante,^ working 
under the direction of Aschoff at Freiburg, studied a series of arteries 
to determine a relationship between rheumatic disease- and athero- 
sclerosis. The investigation was particularly directed to an analysis of 
tlje abdominal aorta, the carotid arteries and the carotid sinus. The 
attack by rheumati.sm upon the ascending limb of the aorta with the 
development of nodular reactions, like Aschoff nodules in the afh'entitia 
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and the media, has been demonstrated by Klotz, Pappenheimer' and 
others. It has always been claimed that the i-heumatic lesion selects 
the ascending limb of the aorta and that its presence in the abdominal 
aorta was nnusnal. Subsequently KUnge claimed to have found the 
lesion not uncommonly in the abdominal aorta and associated with 
the development of atherosclerosis. Gigante studied 30 cases ranging 
in ages from 26 to 81 years, who died from a variety of conditions, some 
of whom had an antecedent history of rheumatic fever. He has failed 
to discover a single rheumatic nodule in the abdominal aorta, the 
carotid artery or tire carotid sinus. He lays particular emphasis upon 
the iregative findings in the vessels in a case in which the myocardium 
was thickly seeded witlr tj^pical rheumatic nodules. Furthermore, he 
has failed to discor’er specific tjqres of scarring which might have resulted 
from previous rheumatic inr'olvement. h'lany of the arteries showed 
typical atherosclerosis of the intima and not uncommonly these intimal 
lesions were associated witlr a vascularization of the media immediately 
opposite to theirr. However, he notes that this vascularization appears 
in the vascular wall of rheumatic and non-rheumatic cases irrdift'erently. 
The presence of advancing capillaries from the adventitia through tire 
media towards tire iirtima takes place whener-er a ser’ere nodular process 
arises in the iirtima, but the author coidd firrd no correlation of this 
response to the presence of a rheumatic condition in the indirddual. 
The author also comments upon the finding of non-specific reactions 
with lymphocytic infiltration following the course of the capillaries in 
the adventitia and media. These lymphocytic aggregations seem to 
have no relation to any particular condition in the individual. He 
indicates that their presence must not be confused with the true Aschoff 
nodule. 

Acute Rheumatism. A group of British investigators undertook to 
evaluate the importance of some of the etiologic factors of rheumatism 
which have been advanced by others. In speaking of rheumatism they 
refer to acute rheumatic fever. Recent years have emphasized the 
importance of a group of streptococci in the precipitation of an attack 
of rheumatic fever. It soon became apparent that the streptococci, 
which were found in the upper respiratory tract in this disease, did 
not fall into a single cultural class, although they possessed immunologic 
similarity bj^ which they were identified. iMany have not been satisfied 
with the evidence incriminating the streptococcus as the causal agent 
of rheumatic fever, and have indicated in support of their contention 
the want of uniform findings during the acute phase of the rheumatic 
disease. Distinction must be made between the acute tonsillitis and 
the rheumatic attack which follows after an interval. It was this 
interval or “silent interval” which attracted the attention of tlie 
British workers. Schlesinger and Signy^ pointed out that usually a 
silent period of from 10 to 21 days intervened between the rheumatic 
relapses and the tonsillitis or pharyngitis, which almost invariably 
preceded them. In a later communication’’ these authors have rerised 
the length of the silent period to 2 to 4 weeks. It is dm-ing this silent 
period that certain events are taking place, some of which may be 
detected by serologic methods. During this period, these authors have 
found tluit there is a specific precipitin reaction demonstrable by tlie 
addition of the patient’s serum to an antigen prepared from strains of 
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streptococci. All strains of streptococci do not serve for tlie production 
of this antigen. The nuclear protein of a hemolytic strain of strepto- 
cocci isolated from the throat of a rheumatic case appears to give the 
best results. Nevertheless on continued cultivation of these strepto- 
cocci the antigenic properties rapidly diminished. Othen strains of 
hemolytic streptococci such as those isolated from strains of scarlet 
fever or from cases of non-rheumatic tonsillitis are not as valuable for 
antigen in the precipitin test. The authors also studied the value of 
the globulin and albumin fractions from these streptococci for their 
antigenic properties. In studjdng the series of rheumatic patients in 
respect to the precipitin reactions the authors made some interesting 
observations. The precipitin response appeared shortly after the 
development of the tonsillitis or pharyngitis and increased in intensity 
for a period of 3 or 4 weeks, although a number had their highest titer 
at a little later period. The reaction appeared to be directly related 
to the streptococcic infection of the throat and bore no relation to the 
intensity of the rhemnatic manifestations which appear subsequentlJ^ 
It was noted that the height of the precipitin reaction determined the 
time of onset of the rheumatic attack; in other words it appeared that 
the immunologic response to the presence of the sore throat induced 
by a special variety of streptococcus was the warning of the onset of a 
new group of sjmiptoms recognized as rheumatic fever. From tliis 
finding the authors suggest that the streptococcus plays a part in 
increasing the susceptibility of the individual to some other agent 
which initiates the rheumatic disease. The authors have studied many 
controls including cases of scarlet fever, non-rheumatic tonsillitis, sub- 
acute bacterial endocarditis and other streptococcal conditions. A 
certain number of these gave rise to a precipitin reaction not unlike 
that in rheumatic fever. The significance of this is yet to be determined. 
The authors have also utilized antigens of other bacteria in relation to 
the production of a precipitin by the sermn of rheumatic cases. It is 
interesting that with antigens of some bacteria, especially staphylococci, 

' a common precipitin response is present both in the normal controls 
and in the rheumatic cases. As the investigations by these authors 
have led them to believe that an important other factor attacks these 
indi^’iduals ndth specific immunologic reactions, tliey have then turned 
to a search for such an agent. Their attention was drawn to tlie possi- 
bility of a virus, having symbiotic relations to tlie streptococcus. 

The idrus nature of the infection in rheumatic fever has been referred 
to by a nvunber of authors since Vecchi first claimed to have found posi- 
tive results in animal inoculation with bacteria-free filtrates (1912). 
The proof of the presence of a' \'irus has not been entirely satisfactory 
and it has been contended that the tjqie of experimental animal used 
accounted for the failure. Animals do not develop rheumatic fever in 
tlieir ordinary life, while the usual laboratory am'mals appear to be 
quite indifferent to a number of infectious agents affecting man. The 
British authors, Schlesinger, Signy, Amies and Barnard,® utilized peri- 
cardial fluids of rheumatic cases which, when subjected to high speed 
centrifugation gave rise to a small precipitate which was analyzed in 
several ways. The sterility of the fluids was determined by cultural 
methods. oMicroscopic examination using the dark field method and 
with a magnification of 1000 diameters showed the presence of numerous 
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particles which could not be analyzed directly under the eye. A staining 
technique along with Barnard’s method of illumination showed the 
presence of many particles of uniform character besides other inditter- 
ent masses. Such particles were not present in control fluids. They 
believe these particles represent the elementary bodies of some virus. 
Furthermore, they have also found that these small bodies are agglu- 
tinated by the sera of patients suffering from acute rheumatic fever 
and who are resisting the further progress of the disease. The sera of 
rheumatic patients in the quiescent stage failed to show an agglutina- 
tion. Negative results were also obtained with the sera of normal 
patients and wdth patients suffering from non-rheumatic infections. 
The authors recognize the importance of the streptococcal infection 
as a factor in tlie etiology of .the disease. It is suggested that tlie low- 
ered resistance produced by such infections enables the virus to enter 
die body, or, if the rdrus is already lying latent in the tissues, allows 
it to assume active characters. Oseae. Klotz, M.D. 
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BRUCELLOSIS 

Brucellosis (the most recent name for undulant fever, Malta fever 
an ® 1 erranean fever) is one of our newer problems in clinical and 
preventive medicine so far as concerns much of the . world. Until 
years ago the disease was looked upon as confined 
^ T. exclusively, to the Mediterranean basin. Then 

Tiinro 1 if Evans^and others, showing that the disease was much 

in lan had been recognized and, indeed, might be expected 

to occur any time in any part of the world. About 2000 cases are 
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reported annually in the United States but doubtless many are missed. 
Early in the history of tire disease tire clinical course Avas recognized as 
being varied, and eironeous diagnoses were the rule rather than the 
e.vception. Perhaps the most frequent mistake lay in designating 
undulant fever as influenza, but Evans mentions the disease being 
mistaken for “typhoid, malaria, rheumatic fever, endocarditis, tuber- 
culosis, bronchial pneumonia and bronchitis.” Erroneous diagnoses 
were perhaps to be expected even in connection with the relatively 
acute cases. It is therefore not in the least surprising to find that such 
diagnoses have been even more common in connection with cases of 
long duration. Because of its low mortality rate, undulant fever is 
not considered a major public health problem, but the disease 
produces in many cases such prolonged, debilitating symptoms, that 
it should warrant the serious consideration of health officers everywhere. 

In this country the usual source of infection is lower animals (par- 
ticularly cattle and hogs) infected with the organism of contagious 
abortion. Infection by contact with cases of the disease in man is 
practically unknown and the patient need not be regarded as a source 
of danger. 

Hardy- notes particularly the exceptional risk to packing-house 
employees, Avho, Avhile furnishing but 0.1% of the population of loAva, 
supply 10% of the cases of undulant fever. Infected swine are a more 
serious source of danger than infected cattle. 

There are at present three recognized types of infecting organisms of 
the Brucella group. These tjqies are associated characteristically with 
goats, cattle and swine, respectiveljx Any one of the types may, 
hoAveA^er, infect any species of animal. 

The bacteriologic history is interesting. First, Bruce identified an 
organism as the cause of undulant feA’er in man; then Bang established 
an organism as the cause of contagious abortion in domestic animals, 
but those Avorking Avith the tAvo organisms in human and A'eterinary 
fields, respectiA'ely, failed to note the great similarity — indeed, the 
practical identity — of the organism of undulant fever in the human and 
of contagious abortion of farm animals. The Avork of EA’^ans established 
the fact that for practical purposes the organisms from the tAVo sources 
may be regarded as identical, and led to the relating of many cases of 
the disease in man to disease of cattle and sAvine. The relation of the 
disease in goats to that of man had already been established. 

In general, it may be said that the pathogenicity for man is markedly 
less in the ahorlvs type (that deriA'ed from cattle) than in either the 
unis or vicUicnsis tjs’pes (derived from SAA’ine or goats). HoAveA^er, it is 
possible to get a strain conforming to almost any type from almost 
any host. 

It has long been knoAvp that arthritis and orchitis are common 
complications and sequelhe of brucellosis. Recently, Hardy- reported 
Avhat appeared to be hitherto unrecognized complications, namely, 
meningitis, osteomyelitis, spondylitis and pleurisy AA-ith effusion. 

EA'ans' believes that many long-standing cases are OA-erlooked. It 
has been estimated that perhaps not more than 20% of cases are diag- 
nosed correctly CA'en Avhen circumstances suggest the true nature of 
the condition; in cases AA'ith le.ss obA-ious history of contact the per- 
centage of cases diagnosed correctly must be A-ery small. Evans refers 
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particularly to the misleading nature of the term "undulant fever, 
and notes; “There is to be found in the literature little information 
about the disabling chronic form of the disease in which, during long 
periods of many months of illness, there may never be a significant 
rise in temperature.” Evans believes that many cases of chronic 
brucellosis are diagnosed incorrectly as neurasthenia, and considers as 
probable manifestations of chronic brucellosis the symptoms often 
attributed to a neurologic condition — ‘ exhaustion, insomnia, irrita- 
bility, and complaints of aches and pains for which no objective sign 
can be found.” She suggests that before a case is labeled “neuras- 
thenia,” brucellosis should be excluded. 

The diagnosis in chronic cases is difficult. Cultivation of the causative 
organism from the blood stream, so valuable in the diagnosis of acute 
cases, rarely is accomplished in the chronic cases. The agglutination 
test may give misleading negative results. A positive reaction by this 
test is highly significant but occasionally healthy individuals give a 
positive reaction, presumably due to subclinical infection with Brucella 
organisms. The skin test has not been used sufficiently in general 
practice to determine its utility. 

There is enough evidence to indicate that the physician is likely to 
overlook brucellosis unless he is alert to the possibility of its existence 
when confronted with symptoms suggesting a variety of clinical con- 
ditions, acute or chronic. 

In general, there are two important modes of transmission^ but the 
relative frequency of infection by these cannot be determined accurately 
at the present time. First, we have contact of man witli infected 
animals or animal products; this mode of infection is particularly com- 
mon among butchers, veterinary surgeons, sausage makers and agri- 
culturalists. Second is to be considered the possibility of infection 
from milk of infected animals. Classically, the milk of the goat is the 
source of infection, but the goat is of minor importance as a cause of 
undulant fever in the United States, save in the restricted area in the 
southwestern part of the country where goats are used to some extent 
to proUde milk for human use. Milk from infected cattle causes 
many cases— just how many remains to be determined. It is rather 
significant that the disease is practically unknown in communities 
where pasteurization of milk is strictly carried out. The disease is 
Avidely recognized as likely to be contracted by those who carry on 
experimental investigations in the laboratory, and some authors make 
a separate group for cases of this tj^ie. 

It is obvious tliat in the final analysis the eradication of this disease 
becomes a problem for the veterinary scientists, since infected domestic 
annuals always constitute the ultimate source from rvhich the disease 
is derived. 


Not only are definitely diseased animals sources of infection but 
according to Carpenter and Boak,-* apparently normal animals may 
also carry the infecting organism. 

Measures for the eradication of the disease from herds of cattle 
"^tion of animals shown by tlie agglutination 
test to be infected. In a number of States compaigns of this sort are 

o tL,? nn’l 1 the effect these efforts may have 

1 1 1C lea 1 1 aspects of the problem. In the meantime, until 
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those Avorking in tlie field of animal patliology establish tlie final solution 
of this problem, steps may be taken that Avill obviate tlie occurrence 
of many cases. "iMien milk is the source of the infection the easiest 
and simplest procedure is the requirement of pasteurization or, if this 
proves impracticable, boiling of tlie milk will serve equally well. Cases 
originating from contact theoretically are preventable by scrupulous 
care in the handling of infected animals or animal products. The use 
of rubber gloves would seem to offer satisfactory means of protection, 
although it must be admitted that we are not acquainted ivith any 
practical experience to confirm this. 

With respect to treatment but little is to be said. The majority of 
cases may be expected to recover spontaneously Avithin a month to 
3 months — a few drag out indefinitely. Chemotlierapy has been tried 
extensiA'^ely and generally has not giA^en results that are encouraging. 
Certain adAmcates of A^accine therapy liaise reported astonishingly good 
results; nevertheless, in tlie hands of others A'^accines have failed. 

G. W. McCoy, M.D. 

REFERENCES. 

1. Ei’ans, A. C.: Chronic Brucellosis, J. Am. Med. Assn., 103, 665, 1934. 

2. Hardy, A. V., Borts, I. H., and Jordan, C. F.: Undulant Fever in Iowa, Trans. 
Assn. Am. Phys., 49, 93, 1934. 

3. Hardy, A. V., Jordan, C. F., Borts, I. H., and Hardy, G. C.: Undulant Fever, 
With Special Reference to Study of Brucella Infection in Iowa, Pub. Health Rep., 
45, 2433, 1930. 

4. Carpenter, C. M,, and Boake, R. A.: Undulant Fever. Sources, Modes of 
Infection and Prophylaxis, Am. J. Med. Sci., 185, 97, 1933. 


Notice to Contributors. — Manuscripts intended for publication in the American 
JouBNAi, OF THE Medicae SCIENCES, and correspondence, should be sent to the 
Editor, Dr. Edward B. ICbumbhaar, School of Medicine, University of Pennsyh'ania, 
Philadelphia, Pa, 

Articles are accepted for publication in the American Journal or the Medical 
Sciences exclusively. 

All manuscripts should be typevrritten on one side of the paper only, and should be 
double spaced ■with liberal margins. The author’s chief position and, when possible, 
the Department from which the work is produced should be indicated in the subtitle. 
Illustrations accompanying articles should be numbered and have captions bearing 
corresponding numbers. For identi6cation they should also have the author’s name 
•written on the margin. The recommendations of the American Medical Association 
Style Book should be followed. It is important that references should be at the end 
of the articles and should be complete, that is, author’s name, journal, volume, page 
and year (in Arabic numbers) . Titles can be included for less than 25 references. 

Return postage should accompany all manuscripts but Avill be returned to the 
author if the manuscript is accepted. 

’Two hundred and fifty reprints, Avith coA-ers, are furnished gratis: additional 
reprints may be had in multiples of 250 at the e-xpense of the author. They should 
be asked for when the galley proofs are returned. 

Contributions in a foreign language, if found desirable for the Jour.val, will bo 
translated at its expense. 



THE 


AlIEEICAN JOUENAL 

OF THE MEDICAL SCIENCES 

OCTOBER, 1935 


ORIGINAL ARTICLES. 
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FIELD. =■= 
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NEW YORK CITY. 

'• (From the Hospital of The Rockefeller Institute.) 

The nature of this sjunposium requires discussion of both patho- 
logic and immunologic phenomena associated with virus diseases. 

I shall also call attention to certain problems undergoing or awaiting 
solution in this field. 

Viruses or filterable viruses were first shown to exist and are 
still principally recognized clinically and experimentally by means 
of their activity in a liost. Therefore, I shall begin this talk by 
describing certain pathologic phenomena and discussing their 
significance. 

When the pathology of virus diseases is mentioned, it is customary 
for the question of inclusion bodies to arise immediately. These 
bodies are not necessarily the most significant feature of the patho- 
logic changes seen in tissues affected by viruses. Nevertheless, 
it seems advisable to dispose of them before going to phenomena 
of greater significance. 

In many, but not all Aurus diseases, significant intracellular changes 
spoken of as inclusion bodies have been described. Some of the 
changes were recognized many years ago; Paterson, for instance, 
described molluscum corpuscles in 1841. 

!Most workers noiv admit that inclusion bodies are significant and 
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rarely exist in the absence of the activity of a virus. The nature 
of all of these bodies is not known. For example, the nuclear in- 
clusions found in herpes febrilis, herpes zoster, varicella, Virus III 
infections in rabbits, yellow fever, guinea pig salivarj' gland disease, 
equine encephalomyelitis, pseudorabies’ and B virus disease, are 
still a source of differences of opinion. On the other hand, within 
recent years there has been a certain amount of crystallization ‘ of 
opinion in regard to some of the cytoplasmic inclusions. 

In 1873, Bollinger found large cytoplasmic inclusions in cells 
infected with fowl pox mrus, and, in 1892, Guarnieri found similar 
inclusions in the cytoplasm of cells affected by vaccinia. • In 1904, 
Borrel observed minute coccoid bodies in smears made from fowl 
pox lesions. Similar bodies were observed in 1906 by Paschen.in 
smears of material from vaccinal lesions. For a long time many 
workers either denied the existence of all these bodies or failed to 
grasp their significance. The recent work of Goodpasture,’ Leding- 
ham,^ Craigie,^ and others, however, has clearly established the 
fact that these minute bodies, approximately loO to 175m^i in diam- 
eter and invisible by means of ordinary light, either represent the 
■\4ruses of fowl pox and vaccinia or are intimately associated with 
the active agents inciting the diseases. Furthermore, it appears 
that the Bollinger and Guarnieri bodies are composed chiefly of 
aggregates of the minute coccoid structures. 

The minute forms under discussion are usually spoken of as 
elementary bodies and play an important r61e in diseases other than 
fowl pox and vaccinia,’ for example infectious ectromelia of mice, 
psittacosis, smallpox, canary pox and probably other pock maladies. 
The exact nature of elementary bodies is not known. Nevertheless, 
they have played an important part in recent immunologic and 
serologic studies of vaccinia. 

Minute structures similar to elementary bodies have been de- 
scribed as occurring in smears containing the active agents of foot- 
and-mouth disease and bacteriophagy. Much doubt naturally 
exists in regard to the importance of such structures, because the 
active agents of these diseases (foot-and-mouth disease virus being 
8 to 12m;i in diameter) are so small that it is hardly conceivable that 
they can be made visible by mordants and stains. Moreover, it is 
wise to suspend judgment of Ledingham and Gye’s'* recent report 
on elementary bodies in association with the viruses causing filter- 
able tumors in chickens. 

Viruses seem to be obligate parasites, requiring an association 
with susceptible cells for multiplication. Consequently, it is not 
unreasonable to suppose that their relation to host cells and the 
reaction of these to their presence and activity .should result m 
phenomena of importance and significance. In the ease of certam 
viruses, inclusion bodies represent one of the phenomena re.sultmg 
from such an association. Although the inclusion bodies ha^ c 



437 


bwers; pathologic and immunologic problems 


attracted a great deal of attention in the past and have caused an 
untold amount of discussion, I believe that there are certain reactions 
of tissues to \druses, so obvious that they are ignored, which are of 
more fundamental importance than are the inclusion bodies them- 
selves. I refer to proliferation, proliferation followed by necrosis, 
and necrosis, changes which give to the lesions their pathognomonic 
characters. In 1928, wrote at length concerning these reactions 
and since that time other workers, e. g., Goodpasture,® Shope, 
Andrewes® and Rous and Beard® have expressed opinions about the 
matter. In view of the fact that many virus diseases are acute 
infections, one doubtless wonders what part I consider inflammation 
to play in the pathologic pictures. Inflammation in ^^^usmaladiesis a 
secondary phenomenon while hyperplasia and necrosis of the affected 
cells are the, primary, most important, and most characteristic 
reactions of cells to this type of infection. 

The following brief description seems to portray with a reasonable 
amount of accuracy what actually occurs when viruses attack their 
hosts. These highly parasitic agents multiply on or in susceptible 
cells and cause symptoms and signs of disease only when they come 
in contact with such cells. If the action of the viruses is not ex- 


tremely rapid and explosive, and if the susceptible cells are capable 
of multiplication, the primary effect of the active agents is stimula- 
tion leading to cellular hj'perplasia. Following the hyperplasia 
there is usuallj'- a destruction or necrosis of the cells which in turn 
is attended or followed by a secondary inflammation representing 
the reaction of the neighboring tissues and of the host. The bal- 
ance between the stimulative and destructive tendencies of the 


Auruses determines whether hj^erplasia or necrosis is the pre- 
dominant part of the pathologic picture. Thus, in some idrus dis- 
eases, for example, vaccinia, varicella, smallpox, and fever blisters, 
vesicles {i. c., necrosis) occur; in others, e. g., warts and tumors) 
an overgrowth of tissue is the predominant feature. When vac- 
cinia, smallpox, and fowl pox are mentioned, one usually visualizes 
vesicles and pustules. Nevertheless, in these maladies a hj^er- 
plasia of cells precedes the formation of vesicles. This fact is beau- 
tifully illustrated by sections prepared at the proper time from young 
fowl pox lesions or from rabbit corneas infected with vaccine virus 
or the virus of smallpox. If the action of the viruses is explosive 
or rapid, as for instance in yellow fever and Rift Valiev fever, or if 
tlie susceptible cells are incapable of division and multiplication, 
as is he case with nerve cells, then the primary pathologic changes 
are necrobiosis and lysis of cells. The destruction of Purkinje 
ce s m the cerebellum of a monkey with louping ill is a striking 

example of the lysis of cells by Aunises. 

From uhat has been said it is obidous that Anruses will enter into 
anj c isciissioii of the etiologA' of tumors and malignant growths, 
one resists the temptation to split hairs, one must admit that 
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some tumors are caused by viruses. If one desires to split liairs, 
however, one can say that Rous’ sarcomata and Sliope’s papilloma 
do not represent tumors but examples of virus hyperplasia: Regard- 
less of what these disease processes are called, they still exist and 
must be recognized. 

Granted that viruses produce growths ha^'ing the characters 
of tumors, one is faced with the question, do viruses produce all 
tumors? Of course such a question cannot be ansu^ered at the 
present time. JNIy guess is— and everyone working with viruses and 
tumors is entitled to a guess— my guess, then, is that tumors may 
arise as the result of more than one mechanism. Though Rous and 
Beard^^ have shown that the Shope papilloma has the immediate 
traits of a tumor and that in many instances this tumor undergoes 
malignant changes occurring in carcinomas, yet the facts are still 
open to several interpretations: 1, Both the benign papilloma 
and the malignant growth that sometimes supervenes after months 
may be caused by the same mrus, a conditioning of the host cells 
having taken place in certain instances that permits an altered or 
malignant type of reaction to the virus instead of the papillomatous 
one that usually occurs. 2, The virus ordinarily producing the 
papilloma may undergo a change itself that enables it to cause a 
malignant growth instead of a benign papilloma. 3, The papilloma 
and the intercurrent bacterial infection that frequently accompanies 
many of the lesions may act as excellent highly specialized chronic 
irritants and as such induce malignant changes in the cells of the 
rabbit in a manner similar to that of repeated applications of tar 
to the skin. Interpretations one and two emphasize 'the presence 
and acti\dty of a virus. On either assumption the malignant process 
would regress and disappear if the virus were remo'\’’ed from the 
body. In the third interpretation emphasis is placed on some change 
that occurs in the cells and is reflected in or inherited by daughter 
cells. Therefore, once such a change has occurred in the cells, the 
removal of the virus from the body would not influence the progress 
of the malignant growth any more than does a cessation of tar- 
ring lead to a cure of the malignant growth resulting from it. 

At the moment it would be futile to pursue this matter further. 
Nevertheless, hjq)erplasia and necrosis are such important phe- 
nomena in the pathologic pictures produced by viruses that per- 
tinent remarks had to be made concerning them if for no other 
reason than to show that such disease processes as tumors, warts, 
measles, fever blisters, smallpox, poliomyelitis, and bacteriophagy 
possess characteristic pathologic pictures in common in spite of 
the fact that they exliibit striking clinical differences. 

Now we shall consider for a moment certain interesting immuno- 
logic problems encountered in the "sdrus field. The active agents 
under discussion are undoubtedly antigenic, and, because of tins 
fact, the^' should be of interest to immunologists. It has been show n 
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that agglutinins, precipitins, cornplement-fixing antibodies and 
neutralizing or protective antibodies may appear in the sera or 
individuals who have recovered from certain virus diseases. More- 
over, an obvious infection with a virus usually leads to a state of 
increased resistance in the recovered host to further molestation 
by the same agent. It is of no particular interest, however, that 
such things take place in virus diseases, because they are known to 
occur in other types of infection. Nevertheless, there are some 
facts of particular interest which deserve consideration at this time. 
1, Wiy is it so difficult to obtain an efficient immunity against 
virus infections by means of injections of vaccines^ composed of 
inactivated viruses? 2, Are the agglutinins, precipitins, comple- 
ment-fixing antibodies, and protective antibodies the result of the 
stimulation of a host by means of a single antigen? If not, do the 
different antigens represent different fractions of the virus, or do 
some of the antigens arise in the host as a result of infection? 

3, In what manner do the neutralizing or protective antibodies act? 

4, Finally, why do so many virus diseases lead to a permanent 
immunity in recovered hosts? 

Questions arising in regard to the immunization of individuals 
with inactive virases are difficult to answer, because it is almost 
impossible at present to determine when a virus has been completely 
inactivated. I^or example, Lippert'^ doubts whether Perdrau and 
Todd by means of methylene blue and light completely inactivated 
the canine distemper Aorus which later was shown to immunize 
dogs against distemper. Further, Dunkin and Laidlaw have shown 
that formolized canine distemper idrus will produce a fleeting im- 
munity in vaccinated dogs, but in order to get a solid lasting resist- 
ance active mrus must be employed. Certain workers are of the 
opinion that the amount of inactive virus is the all important factor 
i. e., if a sufficient amount were used, a solid immunity would result, 
hlackenzie'^ reported that with small doses of inactive Rift Valley 
fever virus he was unable to immunize mice, while wdth large doses, 
1 cc. administered intraperitoneally, he was able to establish a good 
resistance in the animals to the active agent. Assuming that the 
virus was completely inactii^ated and that the mice were solidly 
protected, one must remember that a mouse weighs in the neigh- 
borhood of 20 gm. and that 1 cc. or 1 gm. of the mrus emulsion 
was administered, i. e., approximately -jV of the body weight. On 
the basis of these figures a man weighing 150 pounds would require 
pounds of vaccine-not a very practical procedure. When one 
lungs up the question of the production of immunity by an inactive 
uuis, antirabic vaccination is cited as an example of protection 
UKiuced m tins manner. I am glad to find, however, that some 
workers for example Webster and Daivson,''! are no longer willing to 
accept dogmatic statements handed down to them in regard to anti- 
rabic Aaccination, but insist upon exploring the field for themselves. 
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Whatever viruses ruay be, in an active' state they are antigens, 
and as such one would like to think of them as containing proteins, 
or at least as being linked in some way to proteins. Therefore, if 
sufScient amounts of these agents in an inactive state, yet with their 
antigenic components not altered by inactivation, were administered 
to subjects in the form of vaccines, I would not be surprised to find 
complement-fixing antibodies, etc., appearing in the sera of vac- 
cinated individuals, nor would I be disturbed to find that a certain 
amount of resistance to infection had resulted. In the past, however, 
it has not been possible to obtain viruses in sufficient amounts in a 
relatively pure state to determine what happens to their antigenic 
components when inactivated. Recently, Craigie^’^® has opened 
up this field in regard to vaccinia and has found that vaccine ^’irus 
is composed of several antigens some of which are extremely labile 
and appear to function in the production of resistance, while others 
are stable and induce the formation of agglutinins, etc. Parker,^® 
working in my laboratory, has confirmed many of Craigie’s findings. 
What Craigie has accomplished for vaccinia must be done with other 
maladies, and, in the meantime, generalizations should be suspended. 

For the sake of argument let us assume that it has been demon- 
strated that a certain degree of immunity can be obtained by com- 
pletely inactive virus, provided sufficient amounts are administered. 
What about the duration of the protection induced in this manner? 
All the evidence at hand seems to .indicate that whatever protection 
is produced in this way endures only for a relatively short time. 
Strange to say, many workers do not seem to be disturbed by this 
fact. In the case of hogs and cattle that are raised for the meat 
market and will live for a short time only, it is not necessary to pro- 
duce a lasting immunity. Nevertheless, the duration of an immun- 
itj" produced by vaccines, particularly wlien the vaccines are expen- 
sive to make and difficult to administer, is of great importance in 
the protection of human beings against smallpox, yellow fever, 
measles, poliomyelitis, etc. 

As I have already indicated, some of the viruses at least arc 
probably made up of several antigenic components which function 
differently in the process of immunity. Now we would like to know 
whether all the antigens active in virus diseases are found in the 
\4ruses themselves. Several workers have raised this question, 
and Hughes'^ has brought some evidence to show that the precipi- 
tinogen found in the blood and tissues infected with yellow fever 
mrus is not a part of the Aurus but arises in the ho.st as a result of the 
infection. Furthermore, in view of the fact that it is difficult, and 
according to some workers impossible to demonstrate a union 
between certain viruses and their neutralizing antibodies, Sabin 
has suggested that the antigens causing the production of neutraliz- 
ing antibodies do not exist in the viruses but arise from the infected 
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host. This idea while interesting has as yet no definite experimental 

confirmation. ' » 

An appropriate amount of serum from a host recovered from a 

virus disease mixed with the homologous virus usually results in 
what is called a neutral mixture, i. e., the mixture of Aurus and con- 
valescent serum does not produce evidences of disease in a suscep- 
tible host. Because of this phenomenon workers have developed 
the habit of speaking of the virucidal action of convalescent serum. 
From the remarks that follow it will become obvious that virucidal 
is not the proper word to use in this connection. 

Bedson/3 Todd,^« Andrewes.^i Sabin-' and others have shown 
by means of dilution, filtration, and ultracentrifugation that the 
viruses in the neutral mixtures spoken of above are not killed or 
inactivated. In fact, an abundance of active AOrus has been recoA'^- 
ered from such mixtures. Moreover, certain inAmstigators contend 
that contact of the Auruses with immune sera in vitro for a number 
of days does not result either in their inactivation or in a union 
of them Avith the neutralizing or protectiAm antibodies. Other 
workers, however, are of the opinion that union and inactiA^ation 
'finally occur under such circumstances.^ 

In spite of the fact that the question regarding the final union 
in vitro of viruses Avith the protectiAm antibodies has not been settled, 
most Avorkers are agreed that the Anruses in the so-called neutral 
mixtures Aidiich are usually injected into animals shortly after 
preparation are not really dead or inactive. Further evidence in 
regard to this matter is obtained from Green’s-® in vivo experiments 
on fox encephalitis in Avhich he found that most foxes recehdng 
neutral mixtures do not become sick, but that in a certain percentage 
of the animals a typical disease occurs after a very long incubation 
period. A similar state of affairs has also been noted in work on 
poliomyelitis and has been interpreted as an indication that the 
virus in the neutral mixtures is not killed or inactivated, but is only 
held at bay for a time bj- the immune serum. 

The facts related above are interesting, and one naturally desires 
to know why the mixtures of conA’^alescent sera and viruses do not 
usually produce disease even though the viruses are still active. 
Several years ago ive-® attempted to throw light on the subject by 
the iiwestigation of some of the phenomena in tissue cultures. As 
a result of this work Ave Avere able to show that tj-pical A^accinal 
lesions developed in tissues that ivere exposed to A^accine viras for 
a short time and then culth^ated in potent antivaccinal plasma, 
hurthermore, actiA-e A^accine Aurus aa’rs demonstrated in these cul- 
tuies in spite of the immune plasma. In other words, immune 
plasina and normal cells did not inactiA^ate vaccine virus. We Avent 
still further and showed^ that A>^accine A'irus Avas not inactiAnted 
111 ai tures composed of immune cells, immune plasma, and Aurus. 
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Simultaneously with us, Andrewes-" working with Virus III and 
herpes virus, and more recently Downie and hlcGaughey"^ working 
with infectious ectromelia, and-Sabin^® working with pseudorabies, 
herpes virus, and B virus have obtained similar if not identical 
results. 

The facts that some viruses are not inactivated or killed either by 
mixtures of normal cells and immune serum or plasma or by mix- 
ture of immune cells and immune plasma or serum, are substantiated 
by the in vivo experiments of Tulloch-® and Downie.-® The former 
injected vaccine virus into the testicle of a passively immunized 
rabbit. No e\'idence of infection occurred, but 7 days later active 
vaccine virus was recovered from the normal-looking organ. The 
latter worker injected the virus of infectious ectromelia into an 
actively immune mouse and recovered active virus from the serum 
of the animal several days later. 

From what has been said it is obvious that the manner in which 
the protective or neutralizing antibodies act is not definitely known. 
It is also evident that this is a very attractive field for further 
investigations. 

It is well recognized that recovery from a virus infection is usually 
followed by an enduring immunity. In many instances the immun- 
ity is operative during the remainder of an individual’s life. Of 
course there are exceptions to the rule. For example, common colds 
recur repeatedly in the same individual, and herpes simplex or 
fever blisters occur at frequent intervals in the same subjects. 
The persistence of immunity in hosts recovered from virus diseases 
is so striking that it is not surprising that an explanation of the 
phenomenon has been sought. Furthermore, if it is the rule to 
encounter a lasting immunity in virus diseases, one would like to 
know the reason for the exceptions. 

- In the case of poliomyelitis and measles, the viruses of which one 
encounters from time to time throughout life, one might explain 
the persistent immunity and the presence of neutralizing antibodies 
on the basis of repeated contacts with the active agents. On the 
other hand, it is impossible to explain in such a manner the enduring 
immunity to yellow fever, which is accompanied by the presence 
of humoral antibodies, in indmduals who have been out of yellow 
fever zones for periods of 25 to 50 years. 

In view of the facts mentioned above, and because it is known 
that a refractory state to some bacterial and spirochetal diseases 
is associated with a persistence of these agents in the hosts, it has 
been suggested by a number of workers that at least in certain 
instances the protracted immunity following virus diseases is due 
to a prolonged or a persistent sojourn of the viruses in hosts once 
infected. This persistence of the \druses does not indicate that the 
hosts are capable of spreading disease. 

Before proceeding, it is necessarj’’ for me to cite a few instances 
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in whicli it has been definitely established that viruses persist in 
immune subjects. Once a guinea pig is infected -with the salivary 
.gland disease virus®® it becomes immune and retains its immunity, 
yet the active agent can be recovered at any time from its salivary 
gland. Dr. Pearce and showed that Virus III is regularly carried 
by the Brown-Pearce carcinoma of rabbits and that rabbits -inocu- 
lated with the tumor become immune to Virus III and exliibit neu- 
tralizing antibodies in their sera within 2 weeks after inoculation. 
Nevertheless, we were able to recover Virus III from metastases 
of the tumor removed several months after the animals had become 
immune to the virus. We also showed that vaccine virus persisted 
in the tumor for at least 2 months in spite of the fact that the rabbits 
harboring the new growth were refraetory to the virus and possessed 
protective antibodies in their sera. The Rous inrus is readily ob- 
tainable from tumors removed from chickens possessing humoral 
antibodies. Dr. Berry and I®® demonstrated the \arus of psittacosis 
in a parrot that had had no contact with other birds for a period of 
18 months. Furthermore, this bird was the source of virus that 
caused the death of a human being. Meyer and Eddie®® have shown 
that psittacosis virus persists for a long time in immune mice that 
have recovered from the disease. The virus of laryngotracheitis®^ 
can be recovered from immune birds. Theiler®® working with an 
encephalomyelitis that occurs naturally in mice has been able to 
obtain the virus from the cords of mice 1 year after the animals have 
recovered from the disease. In this connection the findings of Price 
recorded by Kunkel®® regarding ring spot in tobacco are pertinent. 
When plants are inoculated with the virus they suffer an acute 
attack of the disease. “A systemic form of infection follows the 
development of primary lesions. Plants regularly recover and are 
then immune. They never suffer a second attack. The virus is 
retained by and recoverable from all plants which have had the dis- 
ease.” 

Sufficient examples have been cited to show that viruses can and 
do persist in immune hosts. Moreover, failure to recover them from 
immune hosts is not necessarily positive evidence that they are 
not present. 

In what way is it possible for ^druses to persist in an immune 
host? It is most likely that these agents are intracellular parasites, 
and as long as they remain situated within Imng cells are in no 
danger of being eliminated from the body. If they do not kill the 
host cells, they can multiply and pass into daughter host cells. In 
this manner it is possible for them to remain indefinitely in an 
immune host. Such is undoubtedly what happens in the case of 
the Rous tumor. 

^ At this point it is well to speak of the apparent lack of a lasting 
immunity to fever blisters. This disease is particularly interesting 
because the individuals who have recurring attacks possess an 
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abundance of neutralizing antibodies in their sera. The paradox 
has been explained on the basis of the persistence of the virus in the 
cells of immune individuals who develop crops of blisters whenever 
subjected to the conditions that are encountered as the result of 
tjqihoid vaccination, common colds, and exposures to high tem- 
peratures for several hours, etc. 

Why does one fail to develop a permanent immunity to common 
colds? I do not know. It is interesting to speculate, however. 
The cold virus may be unable to establish itself permanently in the 
host, it may act in a manner similar to that of fever blister virus, 
or the superficial nature of the infection caused by it may have 
something to do with the poor development of immunity. In con- 
nection with the last possibility, im-estigators should become familiar 
with Tyzzer’s^'^ work on coccidiosis in gallinaceous birds. 

In conclusion, it can be stated that there is no definite reason as 
yet to believe that the general principles of immunity, many of 
which are not known or understood, fail to opei’ate in the idrus 
field'. Most of the immunologic and serologic oddities encountered 
in this domain apparently can be accounted for either by the inti- 
mate type of parasitism exhibited by the viruses or by the multi- 
plicity and lability of antigens involved. 
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THE SEROLOGIC CLASSIFICATION OF HEMOLYTIC STREPTO- 
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Rebecca C. Lancefield, Ph.D., 

AND 

Kenneth Goodner, Ph.D., 

NEW TORK CITY. 

(From the Hospital of the Hochefeller Institute for Medical Besearch.) 

The object of this communication is to demonstrate the appli- 
cation of recently perfected serologic methods in the epidemiologic 
study of Strep, hsemoiyticus infections in limited populations. 

Much of the earlier work on the subclassification of Strep, hiemo- 
lyticus was directed toward the establishment of specific pathogen- 
icity. Thus many workers sought to establish differential charac- 
teristics which would enable them to distinguish between strains 
believed to be the specific etiologic agents involved in various 
diseases. For example, at one time it -was thought that certain 
strains of Strep, luemolyticus were specifically responsible for 
erysipelas, others for scarlet fever and that still others caused septic 
sore throat. This conception was the natural development of 
findings in the typhoid-parathyphoid group of bacteria where 
specific pathogenesis could generally be correlated with biochemical 
and serologic characteristics of the microorganisms. 

No satisfactory classification of the hemolytic streptococci on 
this basis lias as yet been proposed. Indeed, it is evident from many 
recent studies that any one of these infections, although a charac- 
teristic clinical entity, may be associated in different individuals 
with entirely distinct strains of Strep, hremolyticus. Similarly, it 
iias been amply demonstrated that the same strain may in different 
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patients be associated with entirely different clinical manifestations, 
ranging from generalized infections on the one hand to simple 
pharjmgitis on the other. 

Lancefield^ has sho-\\m that hemolytic streptococci can be differ- 
entiated serologically by means of the precipitin reaction into 
distinct and sharply defined groups. The method is relatively 
simple and gives results which are strikingly uniform and constant. 
It is based on the fact that the strains of each group contain a 
common specific carbohydrate, the so-called “ C ” substance. These 
groups, designated by the letters “A,” “B,” “C,” etc., are shown 
in Table 1, together with the information now available as to the 
natural habitats of the members of these groups. 


Table 1. — Cubhently Identified Serologic Groups of Hemolytic 

Streptococci.’-!' 


Probable secondary habitats. 


Group. 

Probable normal habitat. 

Associated ivith 
infections. 

Not associated with 

1 infections. 

A . . 

Human carriers Cattle: mastitis. 

Human infections: Laboratory animals, j 

Scarlet fever. 

Puerperal sepsis. 

Erysipelas. 

Septic sore throat. 

Pneumonia, etc. 

B . . 

Cattle: mastitis. 

Milk. 

Human throat and 
vagina. 

c . . 

Horses: strangles. 

endometritis. 

Cattle: mastitis. 

Guinea pigs: adenitis. 

Also in infections of many ; 
other animals, as rabbits, i 
foxes, swdne, fowls. 

Human throat and 
vagina. 

D . . 

Cheese. 

Human throat, intes- 
tine and vagina. 

E . . 

Milk. ; 

F . . 

Alan: respiratory' tract. i 

G . . 

Man: respiratory' tract. 

Monkey': normal throat, 
pneumonia. 

Dog: otitis. ' 


Group A comprises most hemolytic streptococci which have been 
isolated from human infections and also includes a large number of 
strains isolated from human carriers. Representatives of this group 
have occasionally been isolated from infections in lower animals. 
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The most notable instance of this finding is in bovine mastitis, 
occurring secondarily to an infection of the millcer or other atten- 
dant; and this type of mastitis has been the source, at times, of 
milk-borne epidemics of septic sore throat or of scarlet fever, bmall 
animals in the laboratory have occasionally been found to be 
infected with Group A streptococci. Many of these animals, on 
the other hand, are susceptible to inoculation with Group A strains, 
when they are introduced parenterally. 

The large majority of disease-inducing strains in domestic and 
wild animals have, on the other hand, been found to belong to 
Groups B and C; and these, in turn, appear to have little sponta- 
neous pathogenicitj^ for human beings, even though they be harbored 
in the throat, intestine or vagina. Mastitis in cattle, while most 
commonly induced by members of Group B or C,^'^ majy as above 
noted, be caused by members of Group A. Groups D and E, found 
in dairy products, and hence probably coming from cattle, have 
not been shown to have pathogenicity for any animal. Thus, while 
any of these five groups may occur in milk or dairy products, only 
members of Group A have any marked potential pathogenicity for 
man. When, therefore, members of this group are found in milk 
the inference to be drawn is either that the cows furnishing the 
milk have mastitis due to a Group A streptococcus, or that the milk 
has become contaminated from a sick man or from a human carrier. 
It seems probable, therefore, that any milk in which Group A 
hemolytic streptococci are found is unfit for human consumption 
unless pasteurized. Probably the presence of strains other than 
Group A in the throat, intestine or vagina of human beings arises 
from the consumption of milk or other food products containing 
them. 

More detailed discussion of the specific disease-inducing capacities 
of Group B and C strains for lower animals would lead us too far 
afield; but we can state that most epidemics of streptococcal dis- 
eases among domestic and laboratory animals are caused by these 
groups. Possibly the disappointing results— insofar as .obtaining 
exact parallelism between human diseases and infections in arti- 
ficially inoculated lower animals isconcerned— are due to the differ- 
ing susceptibility of different mammalian species to different groups 
of streptococci. ^ Somewhat comparable conditions exist in the case 
of tubercle bacilli; bovine and avian strains have much different 
disease-inducing capacities for man than for cattle or birds. It is 
to be hoped that some laboratory animal may eventually be found 
vhich will lend itself to study of Group A streptoeoccai infections 
m much the same manner as guinea pigs inoculated with human 
tubercle bacilh have tuberculosis comparable to that of man. 

The pathogenicity of Groups F and G is little understood; but at 
present 1-ong and Bliss^ are actively investigating this question in 
respect of Group F. • & fe h 
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An excellent example of the application of the method of grouping 
is to be found in the recent work of Lancefield and Hare^ on the 
serologic differentiation of pathogenic and non-pathogenic strains 
of hemolytic streptococci from parturient women. It was found 
that all strains causing puerperal infections were members of 
Group A, while of 96 strains isolated from patients with afebrile 
puerpera, only 1 belonged to Group A; the others were distributed 
through Groups B to G. Because most severe postpartum sepsis 
is the result of infection with streptococci from sources extraneous 
to the patient,® such as carriers, or from other patients with strepto- 
coccal infections, the method of grouping offers a technique for 
keeping these potential sources of danger from the patient at this 
very vulnerable period. Group A strains in the respiratory tract 
of the expectant mother may become very dangerous when trans- 
ferred to her genital tract. Other' groups of streptococci may. on 
the other hand, be carried by either mother or contacts with relative 
impunity. For this reason one of the points of attack in preventing 
puerperal sepsis would appear to be the immunological identification 
of streptococci in these individuals, and rigid exclusion of the carriers 
of Group A strains. 


Table 2. — Cubrently Identified Sebologic Ty’pbs op Hemolytic Streptococci. 


Group difterentiation. 

Group. 

I Type differentiation. 



A 

1 Divided into serologic types on the basis 

1 of specificity of “M" substance (Lance- 
1 field*), or by slide agglutination (Griffith**). 

Differentiated into 
by specificity of 
hydrate "C” 

groups 

carbo- 

B 

Dhdded into 4 or more types on the basis of 
specificity of polysaccharid “S” (Stablc- 
forth*), (Lancefield”). 

' ^ 1 

; (Tentatively divided into 4 types on the basis 

1 of fermentation reactions) (Edwards*) ; sero- 
logic types not determined. 



• D 1 1 

F ( 

G J 

' Serologic types known to exist but differen- 
tiation still incomplete. 


Other groups know-n to exist but as yet incompletely 
studied. 


Grouping, however, is only tlie first ste]) in the complete st'stern 
of classification. The second requirement, particularly important 
for epidemiological studies, is the dift'erentiation of types within 
each group. Dochez, Avery and Lancefield^ originally observed 
that strains of hemolytic streptococci associated with infections m 
man lend themselves to typing in much the same way as do the 
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pneumococci. Althougli this finding and corroborative observations 
by inanv workers appeared before the development of knowledge o 
the groups, this fact now' serves as the necessary complement to 
the complete system classification. 

The current conception of hemolytic streptococcal iyimuj \s 
summarized in Table 2. The division into groups has already 
been described. For tj'pe differentiation in Group A, Lanceheld 
employs the precipitin test ivith acid extracts of the streptococci— 
the so-called AI fraction — and suitably prepared immune labbit 
sera. The results of this method have been showm to parallel those 
obtained with the specific agglutination and protection tests.®-® 
Griffith^® advocates a special slide-agglutination technique with 
especially absorbed sera, and has described more than 20 types. 
Neither of these methods of tj^ping is as yet sufficiently simple to 
permit of use by workers other than those skilled in immunologic 
technique. 

It is unnecessary in the present paper to discuss in detail the 
problem of typing in the other groups of streptococci, although the 
principle of typing has distinct application in epidemics among 
lower animals.®’® 

,TVo examples of the epidemiologic application of the system of 
grouping and typing of hemolytic streptococci may be cited . During 
March, 1933, 4 cases of streptococcal otitis media occurred among 
measles patients in an isolation w'ard made up of separate rooms. 
A nurse in contact with these patients also developed otitis media 
.folloAved by mastoiditis. A kitchen helper on the W'ard developed 
streptococcal pharyngitis. During the next month there occurred 
among the patients on this wmrd 4 additional cases of otitis media, 
2 of pharyngitis, and 1 child developed cervical abscess. All of 
these infections w'ere associated rvith hemolytic streptococci. At 
various times during this period 3 nurses and 1 physician, not on 
duty on this w-ard, suffered from tonsillitis. 

Strains of Strep, haemolyticus recovered from this 'series of cases 
all proved to be members of Group A, but there w-as a considerable 
diversity of types. TVo of the patients wdth otitis media, together 
with the nurse and the kitchen helper had been infected wdth one 
type,_ 3 of the patients wdth another type, 2 wdth a third. The 
remaining strains did not fall into any of the types for wdiich differ- 
ential Sera were available. These studies made it evident that 
there had been at least four sources of infection. 

^ During the past wdnter it wms possible to study another institu- 
tional outbreak of streptococcus infections. This occurred in a 
w ard made up of patients, mostly of children, suffering from nephro- 
sis and nephritis. I\ithiu a period of 1 month, 7 of these patients 
sun ered acute upper respiratoiw' infections, wdtli marked fever and 
signs of intoxication. Only 1 patient on the w-ard escaped infection. 
At the time of this outbreak 44 possible contacts among the hospital 
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personnel were shown not to be carrying hemolytic streptococci in 
their throats. At the same time, however, Nurse Fe., from another 
ward, was found to have a hemolytic streptococcal angina, and 
Nurse Ca., who was on duty on the ward involved, was found to 
be suffering from ethmoiditis of 3 weeks’ duration. Swabbings from 
her nasal cavity at this time yielded almost pure cultures of Strep, 
heemolyticus. Obviously, both n'urses were possible sources of the 
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Fig. 1. — Summary of a hemolytic streptococcal epidemic in a ward and of other 
streptococcal infections among contacts. F indicates fever; A, angina; Ol.M, 
otitis media; My, myringotomy; CA, cervical adenitis; OP, cervical abscess incised. 
Solid squares indicate that the strain of streptococcus was identified. Dotted 
squares indicate that the strain of streptococcus was not identified, but was probably 
of the type designated. Numbers in squares indicate serologic type. U in Squares 
indicate types not determined. — indicates cultures showed no hemolytic strepto- 
cocci. indicates that hemolytic streptococci were recovered but not identified. 
Roman numerals indicate ward where patient was ill, or where nurses (Nu) or orderlies 
(Or) were on duty. Ma indicates maid in doctors’ dining room (Dr. D), or nurses 
dining room (Nu.D). Dt.K indicates diet kitchen. Ad indicates admission desk. 

ward infection. Another possible source was a clerk, O’R., who 
was stationed at the office desk and who handled packages and 
mail that were sent to the ward. Simultaneously with the ward 
epidemic he developed a hemolytic streptococcal phar\’ngitis fol- 
lowed by hemorrhagic nephritis. 

About 2 weeks after the original outbreak 2 nurses and an orderly 
on duty on this ward developed severe tonsillitis. As usual, during 
the winter months other members of the hospital personnel devel- 
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oped, within this general period, angina or tonsillitis from which 

hemolytic streptococci were recovered.^ 

The strains of hemolytic streptococci isolated from these patients 
and contacts were subjected to the various tests for classifacation. 
The results of these studies, together with the information given 
above, but in a highly condensed form, are presented in hig. 

The numerals in the various squares indicate the respective types. 
“U” indicates that the strain isolated did not fall into any type 
for which serum was available. It should be pointed out that these 
type numbers have no relation to those employed by' Griffith,^® but 
are used in this particular study' merely' as a convenient means of 
designation. 

From the data presented in Figure 1 it will be noted that the strains 
of hemolytic streptococci isolated from the patients involved in 
the epidemic were all of the same ty'pe. Lilcewise this ty'pe occurred 
with those three contact attendants who subsequently developed 
infections. On the other hand, strains from 9 other individuals, all 
possible contacts, either as sources of the original infection or as 
secondary' cases, proved to be of entirely' different ty'pes. 

February' 13, 3 of the patients had mild upper respiratory' infec- 
tions, and yielded cultures of hemolytic streptococci of entirely 
different colonial morphology from those previously' observed. 
Further serologic study' of these strains showed that they' belonged 
to none of the groups for which sera were available. Their detection 
is indicated in the chart by' a triangle. 

From these studies it seems probable that none of the hospital 
personnel could have been the source of the strain which initiated 
the epidemic. It seems most lihely that this was introduced into 
the ward by' patient Re., who on admission was convalescing from 
an upper respiratory infection. Another possible source was from 
ward visitors, since it is well recognized that these persons often 
bring in infectious agents. 

Dicussion. As a result of the work cited, it is obvious that 
hemolytic streptococci can be differentiated into a sy'stem of groups 
and types. It has been demonstrated that the types are as highly' 
specific as are the types of pneumococci and, like these latter, are 
characterized by immunologically specific chemical components. 
A serologic system of classification offers a basis for the elimination 
of mucli of the confusion wliicli has obscured the problem of hemo- 
lytic streptococcal infection. For instance, in England, Griffitlffo 
has worked for the last decade upon the question of typing hemoh'tic 
streptococci obtained from man by means of a slide-agglutination 
technique with broth cultures and specifically absorbed immune 
ra ) It serum, and^ has found that most of the strains isolated in 
t lat country fall into 24 types. Four additional types described 

y nm have subsequently been shown to belong in other groups of 

.■anceheld s classification. The iiathogenicity of these 4 types for 
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man had been questioned by Griffith ; but their description among 
the strains commonly patliogenic for man illustrates the desirability 
of grouping streptoQocei before attempting to type them. 

In collaboration with health and school officials, Griffith has been 
able to trace the course of many epidemics, and has shown that in 
institutions a primary epidemic wave was often due to one immuno- 
logical type of streptococcus which, in turn, was followed by secon- 
dary waves due to the same tjTpe. In subsequent years other 
epidemics in the same institution were usually due to still other 
types. In some miUc-borne epidemics Griffith found all of the 
patients were infected by a single tjq)e. 

Some question has been raised as to whether the agglutination 
method employed by Griffith and the anti-M precipitin method 
devised by Lancefield will give absolutely parallel results in all of 
the types. Although this question cannot be definitely resolved 
until the two methods have been compared with all obtainable 
types, nevertheless where comparative tests have been applied with 
the same strains in this laboratory the two methods appear generally 
to agree. 

Efforts have been instituted to achieve uniformity in designating 
groups and types in England and this country. If this most desir- 
able goal can be attained, the methods of classification now available 
would permit of studies of epidemics on a much wider scale than has 
hitherto been possible. Sufficiently numerous data, gathered with 
a common viewpoint and with a uniform nomenclature, would 
eventually render it possible to compare other features of strepto- 
coccal infections with the types of microorganisms, causing .them. 
For example, Griffith^” has found at least 15 different serologic 
types in cultures from patients with scarlet fever; and Williams,” 
Coburn and Pauli,^^ and others have demonstrated a similar diversity 
of tjqjes among the strains isolated from other so-called specific 
infections. 

We do not desire to leave the impression that all of the problems 
of hemolytic streptococcal infections are to be solved simply with 
the technique of immunologic classification, for this is probably 
far from the case. Streptococci have many potentialities besides 
the elaboration of group and type specific antigens. Erytbrogenic 
toxins,^^ hemolysins,^^ fibrinolysins,^® leukocidins and other toxins, 
such as those described by Weld,^® have been demonstrated in the 
media of cultures grown in viiro, and corresponding antibodies have 
been found in the sera of animals and men infected with streptococci. 
Under suitable conditions pyogenic functions are well marked. 
Certain types may have higher invasive properties than others, and 
hence have more marked potentialities for setting up epidemics. 
The same serologic type, moreover, may vary in its pathogenic 
capacities. 

UTile many of the functions of streptococci are still undetermined, 
it is possible for clinicians and health officers to obtain a much better 



SEROLOGIC CLASSIFICATION OF HEMOLYTIC STREPTOCOCCI 453 , 

understanding of some of tlie problems of hemolytic streptococcal 
infection by employing the techniques now at their Jsposal. ih 
application of certain of them to epidemiologic studies have been 
illustrated in the examples presented in this communication; 
although, in view of the possibilities offered, these examples must 

be regarded as preliminary in nature. _ , , . , -t 

Summary. Recently devised immunologic methods tor classify- 
ing hemolytic streptococci into groups and types are reviewed , and 
illustrations are presented showing how the two categories are 
applicable to different situations. Grouping permits one to obtain 
an approximate idea of the animal species frorn which the strain 
originally arose, and of its potential pathogenicity for man. ^ The 
group of hemolytic streptococci characteristically pathogenic for 
man (Group A) can be subdivided into serologic types; and from 
this typing the course of epidemics in limited populations can be 
accurately followed. 
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ACUTE VASOSPASTIC HYPERTENSION. 

A Case With Signs of Cerebral Irritation and Severe 
Retinitis With Remission. 

By Norman M. Keith, M.D., 

DIVISION OF MEDICINE, 

AND 

Henry P. Wagener, M.D., 

SECTION OF OPHTHALMOLOGY, THE MAYO CLINIC, ROCHESTER, MINN. 


Two years ago a young woman who had been under observation 
at the clinic for many years, became afflicted within a few months 
by a severe form of diffuse arterial disease with hypertension. 
During the early acute phase of the condition her symptoms ivere 
severe headache, transient blindness, and hemianopsia. With the 
subsidence of these early idsual disturbances there graduallj’- dei^el- 
oped a diffuse retinitis which in a few weeks became so extensive 
that there was edema of the optic discs and involvement of the macu- 
lar regions. Vision was again impaired, and the woman was unable 
to read. After treatment in hospital, extending over a period of 1 
month, her headaches became less severe and the retinitis began to 
subside. Slow recovery took place in the next 3 to 4 rnonths. For 
1 year there has been no active retinitis. During this last year, in 
spite of continued hj^iertension, the patient has been able to carry 
out about half of her household duties, and has been free from 
uncomfortable symptoms except for an occasional headache and 
tiring easily. 

t 

Case Report. The patient, a woman, now aged 31, first came to the 
clinic at the age of 11 and has thus been under our observation for 20 
years. On her first admission she was in good health; the complaints were 
minor. In August, 1920, at the age of 17^ she was found to have enlarged 
cerHcal nodes, presumably tuberculous. In 1921 infected tonsils were 
removed; e.xamination of the urine gave negative results. She gave, for 
the first time, a history' of migrainous headaches, which have persisted in 
varjdng intensity ever since. In 1922 she underv'ent a bilateral radical 
surgical operation for the suspected tuberculous glands, and histologic 
examination confirmed the diagnosis of tuberculous adenitis. In 1924 she 
had her first baby. Apparently there were no untoward events during 
pregnancy. In 1927 \dsion in her left eye became poor. In 1929 she had 
her second pregnancy', and apparentlj’- was in normal health. During the 
prenatal period she had veiy^ good care and was seen by Dr. Randall and 
Dr. INIussey. Deliverj^ was in July, 1929. It is interesting to note that 
preceding and following the deliverj”^ the patient had no albuminuria or 
hj'pertension. In October, 1929, the ocular fundi were normal except for 
the presence of healed tuberculous chorioretinitis in the left macular 
region. In Februarj’, 1930, routine urinalysis gave results which were 
negative, a.s the}' alway.^ had been on preHous Hsits. In March, 1932, 
the blood pressure was 110 mm. Hg ^'stolic and 70 diastolic. Pre\'ious 
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to that date the records of blood pressure were also mthin the oj 

normal. In August, 1932, she came m for refraction because of headaches. 
No lesion was found in the fundus except the old, central choroiditis of the 

November, 1932, because of increasing severity of headaches, she 
came for general physical examination. The systohc blood pressure was 
found to be 220 and the diastohc, 140. November 29 the arterioles of the 
fundi were markedly attenuated, especially the nasal branches in eacli eye, 
but there was no retinitis. She was put in the hospital for observation 
remained there for 1 ‘week. The patient appeared to be nealtiiy. one aid. 
not appear anemic, and blood examination revealed normal hemoglomn 
and erythrocyte figures. Her blood pressure, "which was^ 200 mm. xig 
systolic and 130 diastolic, fell to 160 systolic and 90 diastolic. There was 
no demonstrable cardiac enlargement; the aortic second sound was moder- 
ately accentuated. The peripheral arteries on palpation were not definitely 
thickened, but gave to the examiner the sensation of a thickened rubber 
tube. The headache was the distressing symptom, together with attacks 
of vomiting. There was albumin. Grade 3, in the urine, but no red blood 
cells or casts. The lvalues for blood urea and serum sulphate were normal, 
although urea clearance was reduced to 25 cc. of blood cleared per minute. 
Excretion of water was normal. While the woman was in hospital, one 
small hemorrhagic area appeared in the right retina (Table 1) . 

Two weeks later she was brought into the hospital in a stuporous, semi- 
conscious, peculiar mental state. She complained that her vision had 
become suddenly blurred following several days of severe headache. At 
7.30 A.M. she was apparently totally blind; at 9.30 a.m. she was able to 
perceive moving objects and had a left homonymous hemianopsia. 

On physical exarninalion .^oss abnormalities were not found. The blood 
pressure was 205 mm. systolic and 140 diastolic. Ophthalmoscopic examina- 
tion revealed marked constriction of the retinal arteries, with considerable 
spastic irregularity. Several hemorrhagic areas and cotton wool patches 
were present in the right retina. Dr. Woltman thought the woman might 
have tuberculous meningitis. On lumbar puncture, the cerebrospinal 
fluid was under a pressure of 25 cm. of water, but the fluid was normal. 
Removal of 12 cc. of fluid did not relieve the headache. The next day, 
the visual fields were normal and the w'oman was able to read a newspaper. 
There was no actual paralysis. In the course of this visit, we gave her 
hjT)ertonic solutions intravenously, noth apparent benefit. These solutions 
included 20 to 25% solution of sucrose, either alone' or combined with 3% 
solution of acacia. Howei'er, the retinal lesions increased during her stay 
in the hospital. Routine urinalysis disclosed albumin. Grade 1 to 3, but 
no erythrocytes or casts. Studies of renal function indicated a normal 
concentration of blood urea, slightly elevated serum sulphate, and reduced 
urea clearance (46 cc. of blood cleared per noinute). A fortnight after the 
woman s dismissal from hospital her headaches stiU continued, so she 
reentered the hospital and remained there for 4 weeks. During the 2 
weete at honae her \nsion had failed so that she had been unable to read, 
typical retinitis of so-called malignant hypertension had developed, wdth 

ma 0 he optic discs, numerous cotton-w'ool patches and hemorrhagic 
^ PjHbal macular star in the right eye. The arterioles w-ere 
j , • ^ ^ spastic irregularities were apparently 

R ^ definite organic changes. Examination of arterioles of 
ci.m - biv 1 '“V ° pectorahs major muscle, removed for histologic 

inoron’ n ^ Tatio of Wall to lumen, 1.4, and a moderate 

1, n J During tins period, in January' 

1 • ' 49^33, we gave her repeated intravenous injections of hyper- 

s ions of sucrose and glucose which also contained acacia. Deep 



Table 1.— Summary of Data on the Case Reported. 
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Fig. 1.— Photograph of the retina of each eye. Residual phase of acute angio- 
spastic retinitis. Note marked narrowing and irregularity of retinal arterioles. 
Healed tuberculous chorioretinitis in left macula. The condition was the same in 
Februarj', 1935. 



inito, enlargement in the third photograp] 
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Toentgenologic treatment was administered over the pituitary gland. The 
woman slowly began to improve, and within a month the retmitis began 

to subside. The next summer she was feeling very much better 

In September, 1933, vision of the right eye was 6/7 and ability to read 
Jaeger 0.50. The right optic disc was slightly pale, and in both dis^ 
connective tissue was increased. The arterioles were narrowed to wade 6, 
with generalized delicate perivascular sheathing, and sclerosis Grade 3. 
Exudate, residual from the edema, was present in the macular regions, but 
there were no hemorrhagic areas or cotton-wool patches. 

In October, 1934, the original difficulties bad not all cleared up. There 
were still slight residual signs of the retinitis„_but it had now been more 
than a year since the retinitis had been active. The arterioles of the 
retina were still narrowed (Grade 3) and sclerosed (Grade 3), as may be 
seen in Eigure 1. The condition had not changed at the last examination, 
February, 1935. The woman seemed to be in very good condition and felt 
well. Her weight was normal. She recognized that she was easily fatigued, 
but if she restricted her activities moderately, this was controlled. She 
slept well, and her headaches were much less frequent and not so severe as 
they had been. Her blood pressure on October 16 was 215 mm. systolic and 
145 diastolic. There was slight but definite increase in the size of the heart 
(Fig. 2) ; the aortic second sound was accentuated to Grade 2, but murmurs 
could not be heard. The peripheral arteries still felt rubbery, but no more 
so than they had felt 2 years previously. There was albumin. Grade 2, in 
the urine. The value for blood urea was normal, but the urea clearance 
was reduced to 25 cc. of blood cleared per minute. On an electrocardiogram, 
the T wave in derivation 1 was inverted. 

The patient returned to the clinic in February, 1935, because of a small 
lump which had become noticeable in the right parotid region. This was 
diagnosed as a recurrence of the previous tuberculous adenitis, and Roent- 
gen therapy was instituted. Thus, for 15 years, the patient had had tuber- 
culous cer\dcal adenitis. The condition of the retinse at this time was un- 
changed, and was still unchanged April 30, 1935. 


Discussion. The rapid onset of retinitis, without preceding 
arteriosclerosis, in a case of hypertensive disease of this type, is 
interesting and rather difficult to explain, unless it is assumed that 
there is present a very acute angiospastic process similar to that 
seen in hypertensive toxemia of pregnancy, -with resultant ischemia 
and anoxemia of the retina.® Occasionally retinitis is seen in a case 
of acute nephritis, but the retinitis is usually mild and transitory 
unless the disease goes on rapidly to the chronic stage. The retinitis 
in the case here reported was diffuse and severe. At the time of the 
onset of the retinitis, this patient had an attack suggesting cerebral 
angiospasm. There was, in addition to stupor and mental confusion, 
rather sudden, complete loss of \nsion of both eyes. In a ferv hours 
vision returned in the right halves of the visual fields, and in about 
1 2 hours the fields were normal. We assumed that the loss of \asion 
was cerebral, associated with cerebral angiospasm, and that vision 
returned when the spasm passed. However, it is of interest that 
there IS a history of previous, and subsequent, attacks of migraine 
w ith henna no])sia. 1 he striking feature in the retina, in the course 
of the present illne.ss, was very marked, generalized narrowing and 
s])astic irregularity of the retinal arterioles. The retinitis rapidly 
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increased in severity and difTuseness until there was a typical, so- 
called “albuminuric retinitis,” with definite edema of the discs 
and generalised edema of the retina, in which macular stars grad- 
ually developed. In most cases of this type retinitis does not show 
a tendency to resolve,^ whereas in this patient's case there was, 
after the first 6 weeks or 2 months, a very definite tendency to 
resolution of the retinitis. Almost 2 years after the onset, from the 
standpoint of retinitis proper, there was verj’’ little residual trouble. 
There had not been any appearance, recently, of fresh hemorrhagic 
area's, cotton-Avool patches, or return of the edema of the retina. 

Such subsidence of severe retinitis was noted by Liebreich,^ who 
first described the ophthalmoscopic findings of albuminuric retinitis 
in 1859. Fishberg and Oppenheimer,^ in 1930, reported in a case of 
malignant hypertension the healing of severe retinitis Avith no 
recurrence OA’’er a period of 4| years. The Avriters reported a similar 
case in 1929^ and since that date have seen 4 additional cases. 

It is well recognized that retinitis does not often reeur in a second 
attack of toxemia of pregnancy. This may be because the arteriolar 
walls haA'e in some Avay lost their capacity for active narroAving and 
dilatation. The cessadon of sudden A'^ariations in caliber, and their 
consequent interference Asath the circulation of the retina, may 
account for the gradual healing of the retinitis. The coincidence 
of subsidence of the retinitis with definite improA^ement in the 
general physical condition suggests, howeA’-er, that the active 
angiospastic factor Avhich was apparently the initial cause of the 
retinitis, and of the rise in blood pressure, is less active or relatively 
dormant. 

There has been no recurrence of the acute cerebral symptoms in 
the last 2 years. It is difficult to ascribe such seAfere cerebral symp- 
toms, and the accompanying increase in cerebrospinal fluid pressure, 
to an attack of migraine. The headaches haA’-e been much less 
seA'ere and less frequent than before. Complaint of A'ertigo has 
not been made. HjqAertension has persisted since the onset, but 
palpation of the peripheral arteries does not indicate distinct thick- 
ening of their Avails. There neA'er haA'^e been any clinical signs of 
myocardial decompensation, although last October there was 
eAndence of myocardial injury', as indicated by inversion of the 
T waA'e of the electrocardiogram. Abnormal urinary findings and 
renal functional disturbances hav'e persisted, as has the hyper- 
tension, since the onset. The absence of erythrocytes, eA'en on 
microscopic examination, in many routine urine analyses, is note- 
Avorthy. Renal disturbances ncA'er liaA’e resulted in serious demon- 
strable renal insufficiency or in characteristic symptoms of renal 
impairment. Secondary anemia has not deA'eloped in 2 years of 
illness. Clinicians haA'e obserA'ed, and haA’e stated, that patients 
Avho have chronic tuberculous lesions rarely haA'e increased blood 
pressure. In the present case, tubercidosis of the lymph nodes m 
both cerA'ical chains AA'aspresent many years before theonset of hj’per- 
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tensive disease, and is still present. It is difficult to establish any 
definite relationship between these two conditions m the present case. 

Naturally the question arises as to whether the rather intensive 
use of hypertonic solutions intravenously, and of Roentgen therapy, 
was related to the relatively rapid subsidence of serious' symptoms, 
and the diffuse retinitis. We believe that these measures were 
possibly beneficial, but lack of control renders it impossible to make 
a categorical statement. At least, it can be said that harmful 
effects from these forms of treatment have not been noted. 

In spite of the rather favorable course in this case thus far, we 
feel that the ultimate prognosis must be guarded. From the general 
clinical and retinal findings, we should be tempted to place such a 
case as this in Group 2® type of diffuse arterial disease with hyper- 
tension, if we performed examination for the first time in the stage 
of remission. This patient has adequate cardiac and renal function. 
She does not have edema of the discs or active retinitis. It would 
be difficult to say that edema of the discs ever had been present. In 
a few months more it probably will be difficult to determine whether 
this patient ever had retinitis. However, Avith the evidence of 
previous cerebral irritation and retinitis, she should be considered 
in the Group 3 type of diffuse arterial disease with hypertension. 
Further observation of this, and other similar cases, is the only 
method available at present for determining the ultimate prognosis, 
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A SUGGESTION FOR SIMPLE TREATMENT OP ACUTE 
ARTERIAL SPASM. 

By Edwin P. Lehman, jM.D., 

PnOFESSOB or surgery a.vd gynecology, 

UNIVERSITY, VA. 

(From the Department of Surgeiy and Gjmocologj', University of Virginia School 

of Medicine.) 

liiL part played by vasospasm of collateral channels in the 
Lsclienua of a region following acute occlusion of its major artery 
IS recen mg increasing recognition. This recognition has opened new 
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possibilities for the conservation of tissue. The present contribu- 
tion suggests a simple method of treatment directed towards the 
release of such collateral vasospasm. 

The effeet of sympathectomy on collateral circulation after arterial 
occlusion has been studied in the laboratory.^ Nystrom® is in agree- 
ment with the conclusions expressed by Gosset, Bertrand and 
Patel/ Denk= and Allen and MacLean^ on the important influence 
of spasm in this condition. Gage® has abolished the sympathetic 
impulses by alcohol injection of the lumbar ganglia before ligating 
the common iliac artery for aneurysm, and Bird^ has performed 
lumbar sympathetic ganglionectomy before operation for popliteal 
aneurysm. Lehman,® following the suggestion of Leriche,® has 
carried out arteriectomy when ligation is necessary, believing that 
a periA'ascular sympathectomy is thereby effected. Allen and 
MacLean.® following the suggestion of Denk,® employed papaverin 
as an antispasmodic to tide a patient suftering from arterial em- 
bolism over the period of active vasospasm. 

Sympathectomy either by excision or by alcohol injection is, of 
course, the most direct and sure method of preventing vasospasm 
in a part. It is probable, however, that the vasospasm following 
sudden arterial occlusion or the mechanical stimulation of the 
arterial wall is transient, and such measures are therefore too 
radical. As is well known, the vasospasm that folloAvs such extensive 
local stimulation of a bloodvessel as that incident to periarterial 
sympathectomy lasts only about' 16 hours. Temporary vasodila- 
tation with papaverin was apparently successful in one leg in Allen 
and AlacLean’s case. It would seem that in addition to passive 
vascular exercises,^® any of the expedients employed for temporarj'’ 
vasoconstrictor release for diagnostic purposes could theoretically 
be employed for therapeutic purposes. The choice of method for 
simplicity, applicability and effectiveness mu.st be determined by 
repeated clinical trial. 

Coller and i\Iaddock“ showed that complete peripheral vasodila- 
tation can be obtained even in the presence of vasospastic condi- 
tions by creating a physiologic demand for heat’ loss. This they 
accomplished by raising the general environmental temperature 
through the simple method of applying blankets to the body and 
thus preventing radiation. They proposed this method as a means 
of measuring the vasoconstrictor element in arterial disease accom- 
panied by diminished volume flow of blood to a part. The adapta- 
tion of this simple diagnostic procedure to the therapy of possible 
vasospasm accompanying an arterial lesion was employed in the 
following case. 

Case Report. W. M. (Xo. 11.5991), white, single, aged 17, was admitted 
to this hospital April 2. 193-5, and discharged May 17, 1935. Four ye«>^ 
earlier he had suffered from a perforating wound of the left thigh cau-® 
by a .22 caliber bullet and resulting in a traumatic aneurj'.sm just proxe"* 
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to the passage of the femoral artery through the adductor magnus tendon. 
Occasional pain liad been the only striking symptom untU 4^ days l3efore 
admission when an acute s^mdrome had superv^ened, consisting of pallor 
changing to cyanosis, cramps in the calf, swelling of the foot and ankle, 
and pain in the region of the aneurj^sm. Examination on admission showed 
coolness and marked cyanosis of the left foot with darker reddish patches 
scattered over the lower leg and toes. The_ color changes were increased 
by the dependent position. There was a slight pitting edema. The left 
calf measured 35 cm. in circumference, the right 33.5 cm. The posterior 
tibial and dorsalis pedis arteries were easily identified on the left, althougli 
the pulsations were somewhat less strong than those of the corresponding 
vessels on the right. There was no dilatation of superficial veins. The 
aneurysm was firm, tender, and somewhat diffuse in outline; it presented 
only moderate expansile pulsation. Roentgen ray showed calcification of 
its walls. There was a soft systolic bruit. General physical and routine 
laboratory examinations were of no significance. There was no evidence 
of cardiac enlargement. The blood pressure ranged around 120 mm. Hg; 
the pulse pressure around 50 mm. The blood Wassermann and Kahn tests 
Were negative. 

The cause of the acute developments superimposed upon the old arterial 
lesion was never satisfactorily explained. Arteriovenous fistula, rupture of 
the false aneurysmal sac, massive embolism or thrombosis were all satis- 
factorily ruled out by pre-operative examination and the operative findings. 
The syndrome was made particularly puzzbng by the fact that the reddish 
discolored patches on the calf, shin and toes eveirtuated in scaling or even 
extremely superficial loss of tissue, while the distal pulsations remained 
active. 


A possible explanation presented itself during the period of observation, 
when it became evident that the patient suffered from marked generalized 
vasomotor instability. The local condition improved progressively until 
rest in bed and local heat applied by the heated foot cradle. Pain dimin- 
ished, color improved except for the markedly changed patches, swelling 
uisappeared and the aneurysm became less tender and more definite in 
wtline. However, on at least one occasion the left leg again became blue. 
Examination at this time showed the right leg also and both hands to be 
nine, cool and moist. Surface temperature tests showed a difference of 
^ ° C. to 2 . 7 ° C. between corresponding areas of the two feet, the dis- 
eased foot being the warmer. It was therefore thought possible, as an 
explanation of the acute s^drome, that a small embolus, detached from 
ne aneurysm and lodging in an artery distal to the level of ordinaiy vessel 
palpation, might have_ resulted in an attack of local vasospasm, exaggerated 
y general vasomotor instability to a degree sufficient to cause actual though 
ipit tissue necrosis before gradual relaxation of the vessels, 
thfi observed attack of generalized vasoconstriction further suggested 
. y fuiger of such an attack following operation on the aneurysm. The 
onprnt* response to sympathetic paratysis was therefore tested prior to 
thnt spinal anesthesia, partly in order to measure the reaction 

to bp f ^ O'Vpected if intervention on the sympathetic function seemed 
cliiiirnf ; t operation on the aneurj'sm, and partly as a matter of 
witb ^ presenting a local organic arterial lesion together 

in both mstabilitj'. Normal vasodilatation levels were observed 

observation the aneurysm w’as exposed and entered 
femoral ^^oesthesia and a tourniquet. A lateral opening in the 
4 , 1 ?^ found, leading into a false aneu^J^smal sac about 

clot Thp ^^'od with old degenerated and partly organized blood 

all of the sac was thick and contained much calcium. Tliere 
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had been no recent rupture or bleeding into the sac itself. A typical restora- 
tive endoaneurj^smorrhaphy was done mth preseri^ation of the entire sac 
wall.. In closing the opening into the artery, the tissues were so badly scarred 
and calcified that only rather deep bites of the needle would prevent cutting 
out of the silk sutures. It was therefore feared that the lumen of the femoral 
artery might have been somewhat narrowed. 

The patient was examined as soon as complete sensation had returned 
to the feet. The left foot was paler, more cyanotic and cooler than the 
right. Arterial pulsations were present in the right foot and ankle and 
absent in the left. Capillary return on the left was somewhat slow. ■ Differ- 
ential diagnosis lay between occlusion of the femoral artery by suture, and 
vasospasm from mechanical stimulation of the arterial wall. The leg and 
foot were thicldy wrapped in a roll of absorbent cotton. For about an hour 
there was no improvement in appearance. The patient was then wrapped 
up to the neck in two blankets and a body cradle, warmed with electric light 
bulbs, was placed oyer lum. The local improvement after this procedure 
was striking. Within less than an hour the foot was warm and pink and 
xsnthin 2 hours the pulsation of the dorsalis pedis artery could be perceived. 
At this time the patient noted that the foot and leg felt better than at any 
time since the original injury 4 years earlier. The body temperature was 
recorded at frequent intervals during the period of immediate postoperative 
observation. The highest temperature reached within the first 24 hours 
was 99.4° F. by mouth. The elevated environmental temperature was 
maintained for about 36 hours. 

Convalescence was thereafter uncomplicated except for persistent blue- 
ness of both feet when the patient W’as first allowed to sit up. This was 
definitely worse in the left foot. It was overcome by postural exercises 
with carefully graduated activity. The w'ound healed per primam. 

It has long been established surgical practice to protect an ischemic 
extremity from heat loss by bandages of cotton-wool and the appli- 
cation of external heat with liot-water bottles or with warm air 
from electric lights beneath a cradle. The rationale of this procedure 
has probably tivo elements. In the first place, it is hoped that the 
conservation of heat may delay necrosis until collateral circulation 
is established. In the second place a reactionary hyperemia is 
hoped for from local vasodilatation such as occurs wdien the hand 
is immersed in hot water. 

To create a physiologic demand for heat loss by increasing the 
general environmental temperature is perhaps more logical in view 
of its proven eft'ecti'veness in vasospastic conditions'^ and certainly 
not more complicated or difficult than to wTap the involved extrem- 
ity alone. In the case cited there is no proof of its effectiveness; 
there is, however, reason to assume its effectiveness. 

The suggestion is made, therefore, that in all cases of suspected 
acute vasospasm the principle of Coller’s diagnostic test be applied 
therapeutically. Coller*- states that he does not know of any such 
application previously and no reference to it has been found in the 
literature. If further clinical experience confirms the^ benefit^ 
expected a priori and perhaps demonstrated in this case, this method 
may become one, among others (such as the use of vasodilator drugs 
and of passi\'e \'ascular e.xercise.s) to be chosen when sympathectomy 
is not justified. 
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Specifically it is suggested that all patients suffering from arterial 
embolism and all patients in the period immediately tollowing 
operations on the arteries be exposed to increased general environ- 
mental temperature by being enveloped in blankets as a primary 
treatment. This procedure will serve to fix the value of the method 
and may easily prove of enormous benefit to individual patients. 

Conclusion. 1. Vasospasm of collateral channels in acute arterial 
occlusion and following surgery on the arteries is being emphasized 
in surgical thought. 

2. The control of such vasospasih by sympathectomy is certain 
but radical. 

3. Simple methods, such as vasodilator drugs and passive vas- 
cular exercises, have been used for control of vasospasm successfully. 

4. It is suggested that Coffer’s diagnostic test for vasospasm 
(elevation of the environmental temperature) may have therapeutic 
possibilities in this connection. A case is presented which tends to 
confirm the suggestion. 
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A STUDY OF THE VENOUS BLOOD PRESSURE IN SOME 
COMMON DISEASES. 

By William B. Wartman, M.D., 

PHILADELPHrA. 

(From the Medical Sendee of the Lankenau Hospital.) 

Cardiac failure Avith congestion is of frequent occurrence and 
easy of diagnosis. It may be recognized by the presence of breath- 
lessness, engorgement of the veins, enlargement of the liver, cyanosis, 
peripheral edema, ascites and edema of the lungs. Much attention 
has been paid to many of these phenomena, but not to the study 
of the veins which frequently affords the first signs of circulatory 
breakdown. “Direct measurement of the venous pressure,” writes 
Sir Thomas Lewis,^ "will often provide an invaluable guide to the 
patient’s state; repeated readings will often indicate clearly the 
course of the malady.” The present paper Avas prepared- in order 
to emphasize the value of measuring the venous blood pressure at 
the bedside. In the pages which folloAV, the term "congestiA^e heart 
failure” aauII be used in the sense defined above. The criteria for 
diagnosis of the several heart disorders described are, in the main, 
set forth by LeAvis* and Avill be given in more detail under the 
appropriate headings. 

Methods. The direct method of Moritz and von Tabora, as modified 
by Griffith, Chamberlain and Kitchell,^ Avas employed. The desired vein 
(usually the anteciibital) Avas punctured Avith a needle and the saline solu- 
tion filling the manometer tube was allowed to run into the vein until a 
stationary level was reached. The readings were obtained directly in 
millimeters of water (for practical purposes the specific graAuty of 0.9% 
NaCl is the same as that of Avater). It may be necessary at times to correct 
for the capillary action of the tube, but with the particular apparatus used 
this correction was negligible. The determinations AA^ere made Ayherieyer 
possible under basal conditions, the patient lying in the dorsal position AA'ith 
the A^ein at the leA’^el of the right auricle which is at the midaxillary line. 
This procedure Avas impossible with many of the cardiacs, so that in these 
cases the readings Avere taken Avith the patient in the sitting position AA'ith 
the arm elevated to the level of the right auricle. In this manner com- 
parable measurements were obtained. Serial determinations Avere made at 
interA'als on many of the heart patients to obseiwe the course of tlieir 
disease. 

Findings. The material AA'hich forms the basis of this paper con- 
sists of 366 determinations of the venous blood pressure of 215 
patients. Early in the study all cases admitted to the medical 
wards Avere tested, but as the work progressed only cases of especial 
interest were chosen. 

The results hai'e been arranged graphically so that one maj 
quickly grasp the important features. In the charts (Nos. 1, 2, o, 

6, 7) each A'enous pressure determination has been represented h.A 
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an open circle if the patient presented no clinical evidence of car Jac 
failure with congestion or by a closed circle if the signs of congestion 
were present. Repeated determinations on the same patient h^ e 
been placed beneath one another in the same vertical line. R a 
patient died, a small cross has been placed ]i^t above the reading 
which was made nearest to the time of death. By observing Avhether 
the circles are closed or open and whether m the upper or lower 
portion of the charts, one may correlate at a glance congestive 
heart failure with elevation of venous pressure. 



CiiAYiT 1. The control scries. Duplicate venous pressure determinations in 
:n patients with a normal circulation. The area between the two parallel, horizontal 
lines IS the zone of normal variation. 


Conirol Series. Ihirty-oiie patients who were known not to have 
presented evidences of circulatory invoh'einent were used as a 
control group. Duplicate readings were made on these subjects on 
successive days under basal conditions. The average venous blood 
liressure, for the control series was 83 mm. of HiO and the mean 
(htlerenee of tlic two readings with the standard deviation of the 
dnlerence was 16 ±11 nun. of Il.O. For the purposes of this paper 
normal venous pressure is assumed to lie between 60 mm. and 
120 mm. II;0, which are the limits usually accepted.-’-^ 




Vonouo DJood Procsuro in mm. of K 2 ^ 
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Arteriosclerotic Heart Disease. It was found convenient to accept 
an etiologic classification of the diseases of the heart, which have 
been divided into (1) arteriosclerotic, (2) rheumatic and (3) mis- 
cellaneous diseases of the heart, including cases of sj'philitic and 
bacterial origin. 



#jrrEB10SCL-S0TlC EHSDl'J.TIC AORTIC KrSCfXU-'OT^S 

HEART DISEASE HEART DISEASE A-’IEORrSM HEART DlScASES 

Chakt 2. — Behavior of the venous blood pressure in heart disease. Cases with congestive ^art 
failure are represented by solid circles and those without congestive failure by open circles. ^ ^ 

readings are placed beneath one another in the same vortical column. A cross has 
over the reading taken nearest to the time of death in the fatal cases. The area between the 
horizontal lines is the zone of normal variation. The number of cases is plotted along the abscis. 


The arteriosclerotic group consisted of 20 cases. j\Iany of them 
were cases of coronarj' thrombosis in which the diagnosis was made 
either at autopsy (4 cases) or on the presence of such tt^pical findings 
as protracted anginal pain and the manifestations of collapse and 
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cardiac failure. Delayed signs such as fever, leulcocytosis, peri- 
cardial friction rub and evidences of embolism sometimes occurred. 
Changes in the electrocardiogram such as plateau formation, high 
take-off or inversion of the T wave in one or more leads, £md an 
absence of the Q wave in Lead IV were observed in many subjects. 

Also included were some cases of essential hypertension with 
evidences of cardiac involvement. There were signs of hypertrophy 
of the heart, especially of the left side; accentuation and reduplica- 
tion of the first sound at the base of the heart; gallop rhythrn at 
the apex; and systolic murmurs at the base. There were no signs 
of primary inflammation of the kidneys, intracranial pressure, supra- 
renal tumor or chronic lead poisoning. A few individuals had 
suffered vascular accidents of one sort or another. 

Several elderly patients were encountered in whom the diagnosis 
of chronic arteriosclerotic heart disease (“chronic myocarditis,” 
“senile heart,” etc.) was made. They usually complained of pain 
over the precordium and breathlessness on exertion. Examination 
of these patients revealed some or all the following signs; auricular 
fibrillation, heart block, bundle-branch block, gallop rhythm, pulsus 
alternans or inversion of the T waves in the electrocardiographic 
record. 

Inspection of Chart 2 shows that cardiac failure with congestion 
occurred frequently in arteriosclerotic heart disease and was invari- 
ably accompanied by an elevation of the venous blood pressure. 
Of the .20 patients studied, 8 (40%) died, while of the remainder, 
.11 (55%) improved sufficiently to be discharged. The behavior of 
the venous pressure was typical (Chart 3, Case 1). It consisted of 
a gradual and prolonged increase in pressure, ending in a sudden 
rise, due probably to terminal dilatation of the right side of the 
heart, death following rapidly thereafter. 

A moderate elevation of r'enous pressure was found in some 
patients (150 to 200 mm. HjO) without other signs of congestive 
heart failure. These cases may be followed with serial readings to 
great advantage as they form a class which maj^ be called “the 
potentially decompensated," since they possess all the potentialities 
of heart failure and are indeed living beneath the sword of Damocles. 

The cases which, although presenting evidences of cardiac failure 
with congestion on admission, improved with appropriate therapy, 
showed a definite decrease in the venous blood pressure until a 
normal_ level was reached. Upon the ability of the patient to 
maintain this normal level of venous pressure depended his future 
well-being (see Chart 3, Case 2). 

Rheumahe Heart Disease. Heart failure with severe congestion 
and a high %enons pressure was encountered most frequently in 
rheumatie carditis. The present series includes cases of chronic 
rheumatic heart disease as well as some e.xamples of acute rheumatic 
fcNcr with signs of early mitral stenosis. The diagnosis of rheumatic 
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heart disease was made only if the history indicated clearly an 
attack of acute rheumatic fever* during childhood or adolescence, 
and if 'the usually accepted evidences of mitral valvulitis Avere 
present. Simultaneous involvement of the aortic valve Avas noted 
in some cases. A fcAV patients Avith acute rheumatic fcAmr, but 
without signs of cardiac disturbance Avere also included for purposes 
of comparison. 



20 • ^0 60 80 100 
Days 

Chart .3.— The course of the venous blood pressure in 2 typical cases of arterio- 
sclerotic heart disease. 

Of 2S patients studied, 4 (14.3%) died. The deaths occurred in 
those patients Avith a pronounced elcA^ation of A’enous pressure and 
congestiAm failure of the heart. The characteristic feature of the 
venous pressure in these fatal cases Avas that it could not be reducer! 
to a normal IcAml and subsequently maintained there (Chart 4). 
The individual A'enous pressure readings of the rheumatic fever 
group haA'e been recorded in Chart 2. It Avill be observed that 
cardiac failure Avith congestion often ensued AAdien the atuous pres- 
sure rose aboAT 150 mm. HsO. One case AA'as of especial interest, 
for although the patient showed marked clinical improATment, the 
A'enous pressure did not change. On the basis of this finding^ a 
graA'e prognosis was given. SeA'cral daA's later death occurred quite 
suddenly. 

The A’alue of serial determinations of A'enous pressure in folloAving 
tlie course of rheumatic heart disease is Avell illustrated in Chart 4. 

* The tcmi “rheumatic fever” is used here in the wider sense of the rlicumatic 
state. 



Venous Blood Pressure in mm. of HgO 


wartman: venous blood pressure 


469 


Tins patient, a woman in middle life, was admitted to the hospital 
suSg from congestive failure of the heart. Her condition was 
desperate. She wL bled 500 cc. and tire venous pressure which 
h Jpreviouslv been near 400 mm. H 3 O immediately dropped to 
240 mm. HoO with great relief of symptoms. Improvement con- 
tinued during' the 3 weeks she remained in the hospital ^d at the 
time of her discharge the venous pressure was 6 p mm. HoU. Unciei 



DftXS 

Chaiit 4. — Behavior of the venous blood pressure in a typical case of chronic 
rheumatic heart disease -aith mitral stenosis, auricular fibrillation, anasarca, and 
conKCstivo failure. The good response to treatment on the patient’s first admission 
is in contrast to the poor response on her readmission. The case is described in 
detail in the text. The arrows indicate phlebotomy. 

N 

adverse living conditions at home, circulatoin' failure recurred, 
obliging the patient to again seek hospital treatment. The venous 
pressure on this admission was 4.30 mm. H 2 O; just 6 weeks after her 
formev discharge. Phlebotomy was performed, but tvitbout giving 
much relief, although the venous pressure fell nearly 150 mm. H 2 O. 
During the course of the second admission the venous pressure 
rcinainetl fixed between 200 and 240 mm. IbO. Dyspnea, cyanosis 
and ascites persisted notwithstanding the use of digitalis, various 
diuretics and the jiaracentesis needle. At the end of a month the 
patient voluntarily left the liospital; 2 months later she died. 
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»Many victims of rheumatic fever were admitted to tire wards 
suffering from obvious lieart failure with congestion. Repeated 
observations of the venous pressure of these individuals afforded 
an accurate indication of the degree of cardiac failure and a reliable 
estimate of the immediate irrognosis. The test was also of great 
value in choosing the proper cases for venesection-. In the presence 
of congestive heart failure with a venous pressure of 200 mm. HjO, 
or higher, the patient was bled 400 to 600 cc. unless a marked 
anemia contraindicated the procedure. If the pressure in the veins 
fell immediately, symptomatic relief followed promptly and the 
patient recovered from the attack. If, on the other hand, the 
venous pressure was not lowered by bleeding, then the prognosis 
was ominous. 

Aneurysm of the Aorta and Other Mediastinal Masses. The cases 
with aortic aneurysm were of peculiar interest. Of 4 cases observed, 
3 showed a marked elevation of venous pressure. The clinical 
appearance of these patients was remarkable (Chart 2). Picture 
to jmurself a patient ndtli a high venous pressure who does not 
present signs of cardiac failure, but, instead, is able to walk about 
the ward without great effort; who complains more of headache 
and throbbing of the bloodvessels than of dyspnea and edema. 
There is only one lesion which may cause such a syndrome; a medi- 
astinal mass obstructing the return of blood to the right auricle. 
The presence of an aneurysm, as in these cases, is easily demon- 
strated by fluoroscopic examination and confirmed by a positive 
Wassermann reaction. Other mediastinal masses besides aneurysm 
may, of course, give rise to similar findings. Thus Case 5 was a 
young boy suffering from Hodgkin’s disease, in whom the Roentgen 
ray revealed huge mediastinal masses. The venous pressure was 
265 mm. and 255 mm. H 2 O on two different occasions. After 
intensive Roentgen ray therapy the masses disappeared and the 
venous pressure fell to 160 mni. H 2 O. 

It is worthy of note in Chart 2 that although many of the cases 
with mediastinal masses had an excessively high venous pressure, 
none showed signs of congestive heart failure. In 1 of the patients 
with an aortic aneurysm the venous pressure was normal. This 
was interpreted to indicate little or no encroachment of the mass 
upon the superior vena cava or right auricle of the heart. 

Miscellaneous Disorders of tlie Heart. This group includes several 
diverse conditions (Chart 2). There were 7 cases of sjq^hilitic heart 
disease in which the diagnosis was made on the findings of a positive 
^Yassermann reaction, signs of aortic regurgitation, and in some 
cases of a failing circulation. Four cases of subacute bacterial endo- 
carditis were encountered showing positive blood cultures, embolic 
phenomena, continued fever, clubbed fingers, splenomegaly, and 
clear e\'idence of heart disease. Three of the patients died and the 
diagnosis of subacute bacterial endocarditis was verified at autops} . 
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In each case death occurred from cerebral embolus. ^ 

also a number of cases in which cardiac disease Avas P^^^ent eitiier 
^^nth or without failure and congestion, but m which a defamte 

etiologic diagnosis could not be made. _ „ 

All these cases may be quickly dismissed after remarking that a 
high venous pressure was observed only in the presence of conges ive 
heart failure (Chart 2). 



Chaut o.— Behavior of the venous blood pressure in hypertension. Symbols as 
in Chart 2. The letter “A” has been placed over 2 cases of aortic aneurysm, in 
which condition a hiRh venous pressure inaj' occur without signs of congestive 
heart failure. 


Hypertension. 4 he mutual relationship of the arterial and venous 
blood presstires has interested investigators since the time of the 
Rev. vStephen Hales (1732). In the present study 44 cases were 
encountered with a systolic pressure of 150 mm. Hg, and a diastolic 
pressure of 100 nun. Hg or higher. T)ie average arterial pressure 
of tlicse cases was lS.5/100 mm. Hg, and the average venous pressure 
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136 nun. H 2 O. It will be noted that tlie average venous pressure was 
slightly above the upper normal limit. Inspection of Chart 5 
explains this apparent increase of venous pressure in hypertension. 
It is seen that the high readings are represented by solid circles, 
indicating that the patients showed clinical evidences of cardiac 
failure with congestion. This was, of course, to be expected, for 
congestive heart failure is a frequent termination of many cases of 
hypertension. If the cases with congestion were omitted from the 
calculation, the average venous pressure would be 111 mm. H 2 O, 
an entirely normal figure, whereas the arterial pressure would 
remain at lSS/106 mm. Hg. Attention may also be drawn to the 
cases of rheumatic heart disease where exceedingly high venous 
pressures occur frequently, although the arterial pressures are uni- 
formly low. The evidence at hand indicates that in cases of hyper- 
tension due to any cause whatsoever, an elevation of the venous 
blood pressure appears only with the onset of congestive failure of 
the heart and is probably one of the earliest signs of such an occur- 
rence. This concept of the independence of tlie \nnous and arterial 
blood pressures has been accepted by many recent workers and is 
supported by much experimental work.‘*~'“ 

Thyroid Disease. It is perhaps not amiss to mention in this place ' 
those patients suffering from thyrotoxicosis, for each of them is a 
case of potential heart disease. Fifteen patients were examined 
whose complaints were of sufficient severity to require hospitaliza-* 
tion. The signs of toxicity consisted of an increase in the metabolic 
rate, nervousness, loss of Aveight, exophthalmos, and a thyroid mass. 
In some cases there were also disturbances of the circulation, such 
as tachycardiac, vasodilatation, auricular fibrillation, anginal pain 
and the usual evidences of cardiac failure. 

Chart 7 shows that an increase in venous pressure was seen only 
in the presence of congestiAm cardiac failure. The A'^enous pressure 
level Avas also of value in determining the length of the pre-operative • 
treatment in the patients selected for operation. 

Disease of the Respiratory System. The influence of disorders of 
the respiratory system upon A^enous pressure is of great interest, 
since their differentiation from circulatory disturbances may l)e 
difficult. Three common respiratory diseases were studied, pul- 
monary tuberculosis, bronchial asthma and lobar pneumonia (pneu- 
mococcus, see Chart 6). The aA-'erage venous pressure for all the 
cases tested Avas 120 rora. HjO, AA-hich is a high normal value. When 
a definite elevation of venous pressure occurred, as it did in 15.4% 
of the total cases, it Avas usually accompanied by some evidence of 
circulatory embarrassment. One of the tuberculosis patients had a 
marked shift of the heart to the right following pneumothorax mid 
another shoAved cardiac hypertrophy. On the Avards the determina- 
tion of the venous pressure proAmd to be an easy and reliable means 
of differentiating between cardiac and respiratory disorders. 
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Miscellaneous Diseases. A large variety of diseases was studied 
during the course of this investigation and the venous blood pressure 
determinations have been recorded in Chart 7. The results are 
remarkable for the fact that a significant elevation of venous pressure 
was found only in patients suffering from congestive failure ot the 
heart. The only exceptions to this were certain cases of mediastinal 
masses in which the increase in pressure has been already described. 
In all other cases the venous pressure was within normal limits 
and remained so unless cardiac failure threatened. 



Sulmpnary Bronchial Lobar 

Tuberculosis Asthma Pneumonia 

CiiAitT 0.— Bolmvior of the venous blood pressure in diseases of the respiratory 
system. The symbols are the same as in Chart 2. 


Discussion. The records of a large number of patients have been 
jircsented in order to illustrate the value of routine determinations 
of the venous blood pressure in certain eases. The outstanding 
finding has been the increase in venous pre.ssure in congestive failure 
of the heart and in some cases rvith an aortic aneurysm or other 
xnass within the inediastimim. Tlie venous pressure in these condi- 
tions has been sufficiently high to stand in marked contrast to the 
normal pressure in diseases in which circulatory failure did uot 
occur. Ihis relation held in disorders of the respiratory system as 
well as for eases with liypcrten.sion. Whenever a high venous 
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pressure was discovered, unless due to a mediastinal mass, it indi- 
cated a failing heart and constituted one of the early signs ot 

congestion. ’ .u 

There are always on hospital wards cases which present excep- 
tional problems of diagnosis. In these patients a venous pressure 
determination may be of much help. It will be recalled that an 
increased venous pressure in 3 of the cases with aortic aneurysm 





Venous Blood Pressure In nm. of HgO. 

CiiAnr S.— Distribution curve for the deaths from all causes. Note the marked 
increase in mortality when the venous pressure was above 250 mm. of HsO. 


\\ as the first indication of a lesion of the circulatory system. The 
importance of knowing the t'enous blood pressure was further 
emphasized by the chance admission on the same day of 3 patients 
m coma and with signs of a cerebral lesion on the right side. In 
the first 2 patients the venous pressure was normal and a diagnosis 
of lirain tumor was made. At necropsy, 1 case was found to have 
a ghoma in the right frontal lobe and the other an abscess in the 
same region. ^^^leIl the third patient was admitted with similar 
mding.s, the same diagnosis was made. However, in this case the 
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venous pressure was elevated on 2 occasions (183 min. and 210 mm. 
HoO) and it was suggested that the patient was suffering from 
circulatory collapse. The patient died shortly, and at the autopsy 
the coronary arteries were seen to be completely occluded, the 
right side of the heart was greatly dilated, the lungs were edematous, 
and the li'imr the seat of chronic passiA'e congestion. The brain was 
normal in appearance. 

The A’alue of serial determinations of the venous blood pressure 
in estimating the efficiency' of therapeutic measures has been stressed 
by many writers.'^”'® The results of this study have amply justified 
this attitude. There is no other procedure which so easily and accu- 
rately affords an estimate of the cardiac reserve in disease. 

The prognostic significance of venous pressure measurements has 
been unfortunately neglected. In Chart 8 the death rate from all 
causes has been plotted, the highest venous pressure reading for 
each case having been used in the calculations. The striking feature 
of the results is the great increase in mortality when the venous 
pressure rose above 250 mm. H 2 O. Among the patients with a 
venous pressure of 250 mm. HoO or higher the mortality was 69%, 
whereas it was only 8% among those whose pressure remained 
below the critical level of 250 mm. HoO. 

In conclusion a few personal remarks may be permitted. . The 
recent journals contain many excellent papers which indicate the 
value of measuring the venous blood pressure in patients with 
cardiocirculatory disease; but in spite of the unanimity of opinion, 
full advantage has not been taken of this valuable test. The 
technique is easy; the normal range and behavior of venous pressure 
in disease are well known. Perhaps the inertia is to be explained 
by a natural hesitancy to accept procedures which are not cus- 
tomary. However, a cure for the disease is easily effected by 
learning the technique of the test and applying it in suitable cases. 
The results of “taking the cure’’ have been once more described. 
We have been so impressed with the value of the test that venous 
pressure determinations are now made on all cardiac cases admitted 
to the medical service. 

Summary. 1. The results of 366 determinations of the venous 
blood pressure in 215 patients suffering from various diseases have . 
been presented. 

2. In a control series of 31 patients who showed no evidences ot 
circulatory disease, the average venous pressure was S3 mm. H 2 O 
and the difference of the two readings with the standard deviation 
of the difference was 16 mm. H 2 O ^11 mm. H 2 O. 

3. An increase in venous pressure was observed only in patients 
suffering from cardiac failure with congestion or mediastinal 
obstruction. 
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4. Serial determinations of tlie venous pressure were of value in 
following the course of cardiac cases; a shift towards the normal 
indicated a favorable prognosis, but a progressive increase in pressure 

was an unfavorable sign. • u • j 

5. The arterial and venous blood pressures appear to be indepen- 
dent, in the sense that a change in one does not necessarily affect 

^^^6.°The presence of pulrnonary tuberculosis, bronchial asthma or 
lobar pneumonia did not influence the venous pressure of the cases 

studied. i • i- 

7. When an increase in venous pressure occurred in any disease, 

it usually indicated beginning circulatory failure. 

8. Of the patients with a venous pressure over 250 mm, HsO, 
69% died within 3 months, whereas only 8% of those with a pressure 
below this critical level succumbed. 

.In the preparation of this paper I have profited peatly from the 
kind criticism of Dr. Edward L. Bortz, Chief of Medical Service “B,” 
the Lanlvenau Hospital. On his service this work was initiated and 
largely carried to completion. Dr. Fred L. Hartmann, Chief of , 
Medical Service “A,” has placed the records of several of his 
patients at my disposal. 
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THE DEMONSTRATION OF COLLATERAL VENOUS CIRCULATION 
IN THE ABDOMINAL WALL BY MEANS OF INFRA-RED 
PHOTOGRAPHY. 

By Edgar Jones, M.D., 

ASSISTANT VISITING PHYSICIAN, VANDEHBILT UNIVERSITY HOSPITAL, 
NASHVILLE, TENN. 

(From the Department of Medicine, University of Rochester, School of Medicine 
and Dentistry, Rochester, N. Y.) 

Infra-red photography has Been used experimentally, mostly 
in astronomy, for many years. Only recently the production of 
plates that are sufficiently sensitive to the infra-red rays to permit 
short exposures has made possible the use of this method on a wider 
scale. Clark^ sa5's that this method of photography has been found 
of value in certain European hospitals as a diagnostic aid in certain 
types of skin diseases. He also records that European workers 
have found that varicose veins Avhich were not visible to the eye 
have been demonstrated by this method. Recently Barker and 
Julin^ and Payne^ have shown the value of this technique in demon- 
strating the superficial venous system of man. Payne concludes 
that veins can be made visible by this means when they cannot be 
seen nor recorded upon the ordinarj' photographic plate. On the 
other hand Barker and Julin believe that it is doubtful if veins can 
be shown by infra-red plates which cannot be seen by the naked 
eye. These authors credit Rawling with the suggestion that infra- 
red photography might find some application in medicine: To 
him is also attributed the finding that the skin has its maximum 
transmission in the part of the spectrum wherein are found the 
infra-red rays. This fact together with the fact that the blue color 
of the veins is absorbed by the filter used in the infra-red technique 
and thus made to appear dark on the infra-red (positive) plate, 
explains why the veins can be so graphically demonstrated by this 
method of photography. 

In \dew of the excellent portrayal of superficial veins by this 
method it seemed to us to be worthwhile to attempt some use of 
this procedure in the hope that it would aid in the early recognition 
of the collateral circulation in cases suspected of early portal obstruc- 
tion. As this is a frequently debated question, we have photo- 
graphed the abdominal wall in a number of cases in which this 
question arose. 

Case Reports. I. Cases vuth Proved Cirrhosis. 

Case 1. — !M. B., a white woman, aged 47, entered Strong Memorial 
Hospital with the complaint of enlargement of the abdomen and loss of 
weight. The historj' records two attacks of painless jaundice during thc 
preceding year and the loss of about 20 pounds in weight during this tune. 
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There were definite signs of fluid in the abdomen. After paracentesis the 
liver edge was felt slightly below the costal margin. The spleen was not 
palpable. One observer noted enlarged superficial veins in the abdominal 
wall. A diagnosis of cirrhosis of the liver was considered most hkely, . 
although the attacks of painless jaundice which had cleared up sugge^ed 
the possibility of obstruction of the common bile duct by a stone, ihe 
venous network could not, be seen in an ordinary photograph of her abdo- 
men; an infra-red photograph (Fig. 1) revealed evidence of venous disten- 
tion out of proportion to that seen by the naked eye. The patient became 
comatose and died 17 days after admission. An autopsy revealed extenspe 
cirrhosis of the liver. There is no statement about the state of the veins 
in the autopsy record. 



n. Cases utth Phobable Cirrhosis. 

Hosnff ^ Rochester Municipal 

^par? about 1| 

difficulties no adequate history was obtained, 
iiiesigmhcantfindmgswere; evidence of recent weight loss deep iaundice 

edS^wis SSilP palpable spleen and ascites. ^The liver 

wistionaittnil ^ the level of the umbilicus; it was firm, 

«o^^ender. Moderate distention of the 
Sos s Vf ^'as noted by several obsenprs. A 

iiiKtion of ^ hver seemed most likely although metastatic 

as a nSsiWlRv “i^faabdominal neoplasm was recognized 

revealed no pinrl^nn studies of the gastro-intestinal tract 

this nS ent'^ ^R^™^ neoplasm An ordinarj^ photograph (Fig. 2) of 
‘ omen rer ealed nothing at aU in the way of veins; an infra- 
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red photograph (Fig, 3) revealed strikingly the pattern of the superficial 
veins, the largest and most numerous of which were in the flanli. The 
patient gradually became comatose and died. Permission for autopsy was 
not, obtained. 

Case 3. — G. H., a 62-year-old white man, who had been a heavy drinker 
for many years, was admitted to the Rochester Municipal Hospital -with 
the complaint of enlargement of the abdomen for a period of a month. 
After paracentesis a hard liver edge could be felt about 5 cm. below the 
costal margin. The spleen was not felt. One observer made the note that 
there was no evidence of collateral circulation in the abdominal wall, while 
a second observer on the same day made the note that there were .definitely 
visible veins forming a caput Medusa; about the umbilicus. An infra-red 



Fig. 2.— Ordinary photograph of abdomen of patient suspected of having cirrhosis 

of the liver. 

photograph (Fig. 4) showed the veins to be definitely more Msiblc than 
those seen in any normal abdomen. The diagnosis of cirrhosis of the liver 
seemed higlily probable. Tlie patient was discharged from the hospital 
ndth instructions to return at intervals for abdominal paracentesis. 

Case 4. — M. F., a white woman, aged 52, was admitted to the Rochester 
Municipal Hospital with the complaint of a sensation of epigastric fullness 
for a period of about 13 rveeks. The history wns quite inconclusive. Ihe 
only physical finding of apparent value was a considerably enlarged liver 
which felt firm and smooth. There was no ^isible evidence of enlarged 
collateral veins in the abdominal wall. An infra-red photograph, however, 
show’ed them to be considerably more extensive than in our controls, bne 
was discharged in the same condition as on admission. . 

Case 5 — C. P., a 46-year-old white man, entered Strong Memorial 
Hospital witli the complaint of pain across the upper abdomen for 3, yenr^ 
Associated with this he had had varied complaints of indigestion, mere 




Fig. 3.— -Infra-red photograph of abdomen of same patient as in Fig. 2 
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was a history of tarry stools at onset of his illness. Physical findings were 
essentially negative. However, a Roentgen ray of his abdomen revealed 
that the spleen was enlarged and that the liver appeared to be smaller than 
normal. The patient then recalled that at one time his family physician 
had told him that there was a mass l3ang to the left of his stomach. The 
spleen was not felt by us, however. There was no visible evidence of in- 
creased collateral venous circulation noted, but an infra-red photograph 
showed venous chaimels more extensive than those of our controls. The 
patient was discharged from the hospital unimproved. 

Case 6. — J. S., a 55-year-old Italian man, was admitted to the Strong 
Memorial Hospital with the complaint of stomach trouble. This began 3 
months before admission and consisted of soreness in the right upper part of 
his abdomen and frequent vomiting, the vomitus at times contaming small 
amounts of bright blood. There was the history of wine taken with his 
meals for many years; no other alcohol. The essential physical findings 
consisted of a fom, smooth liver edge felt about 7 cm. below the right costal 
margin and a spleen which was barely palpable. There was no icterus. ■ 
There was no evidence of abnormal venous distention of his abdominal 
wall. A diagnosis of cirrhosis of the liver was made. An infra-red photo- 
graph of his abdomen showed more venous channels than would be expected 
in a normal individual. However, these were not as marked as those seen 
in other cases. 

III. Cases with Enlarged Livers from Other Causes, 

Case 7. — H. B., white male, aged 60, entered Rochester Municipal 
Hospital vdth the chief complaint of swelling of the legs of 3 weeks’ dura- 
tion. He had been dyspneic for several years. History of an attack of 
painless jaundice lasting about 2 weeks, 2^ years before admission. The 
stools had been tarry for several days. Physical examination revealed 
considerable edema of both ankles, a few coarse rdles at the right lung base, 
slight enlargement of the heart to the left, a blood pressure of 170/80 and an 
enlargement of the liver, which at the time of admission extended about 
5 cm. below the costal margin. The edge was firm and not tender. There 
was questionable evidence of ascites. No evidence of collateral venous 
circulation was seen. A diagnosis of cirrhosis of the liver and of hyperten- 
sive and arteriosclerotic heart disease was made. An infra-red photograph 
of the abdomen revealed no cAddence of any increase in the collateral venous 
circulation. Routine treatment of congestive heart failure resulted in a 
definite diuresis mth decrease in the size of the liver until the edge was no 
longer palpable. The patient’s condition improved and he was discharged 
to go home with but shght evidence of congestive heart failure. No cause 
for the tarry stools was found. 

Case 8. — M. M., a single white woman, aged 56, was admitted to the 
Rochester Municipal Hospital because of weakness and loss qf weight over 
a period of about 8 weeks. Very little else pertaining to her history could 
be obtained. On physical examination the abdomen was found to be greatly 
distended and there was a large, irregular, hard mass filling the epigastrium. 
The liver edge was easily felt just below the umbihcus. It was rough, 
moderatel}'^ firm and slightly tender. Carcinoma of the stomach with 
metastases to the liver was the diagnosis made. No evidence of collateral 
circulation was apparent clinically. An infra-red photograph likewise 
showed nothing of this nature. She failed progressively and died. Autopsy 
e.xamination showed a carcinoma of the ascending colon ■with metastases 
to the liver. , , 

Case 9. — G- E., a 65-year-old white man, had been admitted to the 
Strong hlemorial Hospital 17 times over a period of 19 months for treaty 
ment of congestive heart failure. His liver bad been enlarged throughout 
practically this entire period. No evidence of collateral circulation had 
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been apparent on his abdominal wall at any time. An infra-red photograph 
taken at a time when his liver reached alrnost to the level of the iimbihcus 
showed no dilated veins. He is still returning at intervals for treatment. 
Another case is reported to emphasize further the possible diagnostic' 

value of this method. 1,1 -n t 

Case 10.— F. M., a white married woman, aged 34, entered the Rochester 
Municipal Hospital with the complaint of recurring attacks of rightupper 
quadrant pain associated udth jaundice over a period of 8 years; Durmg 
this time she had passed tarry stools at times and gave tlm Instory of recent 
vomiting of bright blood. Eight years before this admission Y,'Me con- 
valescing in this hospital from scarlet fever, she developed upper abdominal 
pain and jaundice. Cholecystectomy was performed at this time. No 
stones were found in the gall bladder; the common duct was not explored 
because of operative difficulties. At the time of her last admission there 
was nothing found of any apparent significance on physical examination. 
No icterus was apparent, but a report of her icterus index from the labora- 
tory was 20. The question arose as to whether she had cirrhosis of the liver 
or common-duct obstruction, possibly from a stone, as the cause of her 
complaints. No evidence of collateral circulation on her abdominal wall 
was apparent. An infra-red photograph also failed to show any such evi- 
dence. Because of the possibility that she had an obstruction of the com- 
mon bile duct, an exploratory operation was performed which revealed 
absolutely nothing abnormal. The common duct was opened and probed. 
The liver appeared to be entirely normal in size and consistency. During 
her postoperative convalescence, the patient finally confessed that at least 
the majority of her complaints were feigned because of unpleasant home' 
conditions. 


Comment. From our small series of cases it would appear that 
infra-red photography offers a better means of demonstrating the 
collateral venous circulation in the abdominal wall than is afforded 
by any usual clinical method. In 4 cases in w'hich a diagiiosis of 
cirrhosis of the liver was made, photographic evidence of an increased 
venous pattern was found, though the diagnosis was confirmed at 
autopsy in only 1 case. Clinical evddence of collateral circulation . 
was apparent in 2 of these cases, was questionable in another and 
was absent in the fourth. From this we are inclined to agree with 
Payne that the infra-red technique will demonstrate, in some cases, 
veins that are not visible to the naked eye. In every case in which 
an increased degree of venous distention w'as apparent both on the 
photograph and by direct inspection, it was by the former that 
the abnormality was better shown. In Case 2, this disparity was 
most marked; only moderate venous enlargement was apparent 
to the eye while the infra-red photograph showed this in striking 
degree. Case 5 is of interest in that cirrhosis of the liver was sug- 
gested by the history while there were no physical signs elicited 
to substantiate this diagnosis. However, an abdominal Roentgen 
ray suggested an enlarged spleen and a small liver and there was 
reason to believe that the spleen had been felt on one occasion, 
n erestingly enough in this case an infra-red photograph showed 
u la uas taken to be an abnormal degree of venous distention. In 
this type of case, if such a diagnosis is later established, it would 
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appear that infra-red photography, by demonstrating collateral 
circulation which was clinically not apparent, is of definite value. 

Of a somewhat similar nature is Case 4. Here there was an indef- 
inite history of abdominal discomfort and the only definite physical 
finding of a positive nature was an enlarged liver. The infra-red 
photograph showing an increased Amnous pattern suggests that this 
patient had some degree of portal obstruction. It is only by con- 
tinued study of such cases as these last two that conclusions as to 
the significance of these findings will become apparent. This we 
intend to do. 

In Case 10, negative findings with regard to evidence of collateral 
circulation both clinically and from an infra-red photograph may 
be of equal value ivith positive findings in other cases. Here, where 
there was the question of cirrhosis of the liver or common bile-duct 
obstruction, if the former could be excluded an exploratory opera- 
tion Avould appear indicated, while if evidence pointing to cirrhosis 
were obtained the patient should be spared useless surgery. Such 
evidence we believe may be afforded by an infra-red photograph. 
In this particular case there was no evidence of portal obstruction 
at operation. 

That liver enlargement per se does not produce signs of collateral 
circulation as judged by our standards, is clearly shown by the 
photographs of the abdomens of 2 patients with congestive heart 
failure and large livers, and another patient with a large liver 
resulting from carcinoma infiltration. No evidence of collateral 
circulation Avas apparent to the eye in any of these. 

Occasionally, as in Case 7, it is necessary to attempt to decide- 
Avhether an enlarged liA’^er is due to congestiA^e heart failure or to 
cirrhosis of the INer. In this case negatiAm eAudence from an infra- 
red photograph of the abdomen as well as from inspection, tended 
to rule out cirrhosis. The subsequent shrinkage of the liA’^er coin- 
cident Avith a moderate diuresis during routine treatment for con- 
gestiA'e heart failure seemed to exclude cirrhosis. 

It is further conceiA’able that in cases of Banti’s syndrome and 
other similar conditions Avhere splenectomy is contemplated, infor- 
mation relatiAT to the possibility of associated hepatic lesions, so 
frequently found, may be afforded by infra-red j^liotography. If 
collateral circulation can be demonstrated on the' abdominal AA^all 
damage of the liA’er sufficient to cause some degree of portal obstruc- 
tion is probably indicated. Of course portal obstruction outside of the 
liA’er might Avell be expected to giA'^e the same findings with regard 
to A'enous distention. ObAuously this knoAvledge Avould be of A'alue 
in deciding on the probabilities of success from splenectomy. 

Summary. Ten cases are presented in AA'hich there aaus eA'idence 
or suspicion of hepatic disorders. Clinical findings Avith regard to 
CA'idences for or against associated portal obstruction, as shoAA-n by 
the demonstration of collateral circulation on the abdominal AA'ali. 
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are piven. Comparison is made between the clinical findings and 
those obtained from ordinary and infra-red photographs of the 
abdomens of the patients presented. These data seem to indicate 
that infra-red photography may be of value in demonstrating degrees 
of collateral circulation which are not detected by lisnal clinical 
methods. At least it is an excellent means of recording abnormal 
degrees of superficial venous distention. Suggestions as to further 
application are made. 
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STUDIES OF PERIPHERAL VASCULAR PHENOMENA, 

IV. THE Effect of artificial Fever on the Pulse Volume 
Changes of the Finger. 

By Carl A. Johnson, M.D., 

ASSOCIATE IN MEDICINE AND CDINICAD ASSOCIATE IN PHYSIOLOGY, NORTHWESTERN 

university; assistant attending physician, st. lure’s hospital, 

Stafford Osborne, B.P.E., 

RESEARCH ASSISTANT IN PHYSICAL THERAPY, NORTHIVESTERN -UNIVERSITY, 
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George Schpham, M.D., 

assistant professor of AIEDICINE. NORTHAVESTERN UNn^ERSITV; JUNIOR ATTENDING 
pHY-siciAN, ST. Luke’s hospital, Chicago, ill. 

(From the Departments of Medicine, Physiology and Physiotherapy of Northwestern 
University and St. Luke’s Hospital.) 

Since the introduction of fever therapy in the treatment of 
disease there has been a renewed interest in the physiologic changes 
which occur during artificial fever. It is well known that in the 
fever of disease and in experimental and therapeutic fever, marked 
changes in the normal physiologic mechanisms occur, such as changes 
in the composition and volume of the blood, the cardiovascular 
system, and the irritability of the central nervous system. It is 
not vithin the scope of this paper to discuss these changes except 
as they are related to the problem at hand, namely, the study of 
peripheial lasciilar changes during artificial fever, and its effect 
upon the body in general. 

I urthcvmore, we are aware of the fact that there are controversial 
points until regard to fei'er therapy such as: (1) The best methods 
of inducing artificial fever; (2) the degree of fever to be used; (.3) the 
length of time the fever should be given. 
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This Avork has brought out many points of interest bearing upon 
these controversial points and we shall comment upon them briefly 
in the discussion. 

Method. This study was made upon 2 indmduals ; (1) a normal control 
and, (2) a patient with rheumatoid arthritis. In addition clinical observa- 
tions were made on a number of other patients during fever treatments. 

In each experiment upon these indiAoduals the blood pressure, respira- 
tion, heart rate and circulatorj' changes were measured at frequent inter- 
vals; i. e., every 15 minutes to | hour. In addition, the rectal temperatures 
were recorded by a Brown Recording Resistance Thermometer. The 
circulatory changes wnre measured in one finger by a device preAuously 
described by Johnson*— an air conduction plethysmograph using colored 
alcohol for recording. Permanent calibrated records are made photo- 
graphically on electrocardiograph paper, and estimation of finger v^olume 
change can- accurately be measured to 0.002 cc. change. We interpret 
these changes as giAung an index of the peripheral circulation (see Johnson,* 
Johnson, Scupham and Gilbert, = and Scupham and Johnson.’) 

In each experiment artificial fcAmr to approximately 104.5° F. was 
induced and maintained for about 8 hours. The interval between each 
feAmr treatment depended upon the patient’s clinical condition, but in 
most instances w'as about 1 w’eek. One 8-hour control period was run during 
which no treatment was giAmn. 

Artificial fever was induced by the following methods: (1) Radiant 
heat— electric Ught cabinet; (2) radiant heat— infra-red; (3) hot water 
bath; (4) diathermy; (5) very high frequency oscillator; (6) foreign protein. 

The fever was maintained during the course of the experiment by means 
of a zipper bag winch prevents heat loss and can be remoA^ed rapidly m 
case of emergency, i. e., if heat exhaustion or -heat stroke occur. Means 
for giAung emergency treatments were aA'ailable at aU times. 


Legends for Figs. 1, 2, 3 and 4. 

Fig. 1. — Finger-volume changes during artificial fever periods. The record on the 
left is the control and the record on the right shows the effects of fever induced with 
a hot-water bath and maintained by prevention of heat loss. Note the minor vana- 
tions in the control record as compared with the marked changes occurring dunng 
fever. Also note that the maximum excursions occurred at 103.8° F. while the maxi- 
mum temperature used was 104.6° F. AA'^e interpret the increased volume changes 
of the finger as increased circulation. 

Fig. 2. — The effects of artificial fever induced -with external heat and maintainea 
by the prevention of heat loss on the pulse, respiration, blood pressure and circula- 
tion. In the 1 case the radiant heat from the ordinary electric-light cabinet was used 
and in the other from the infra-red. Aside from minor variations the two records am 
not significantly different. In the experiment as shown by the record on the right 
the patient did not feel well, and we did not run the fever as high as in most experi- 
ments. 

Fig. 3. — The results of artificial fever induced -with foreign protein on the pulse, 
respiration, blood pressure and circulation. Note the primary vasoconstriction 
associated -ith.the chill followed by a vasodilatation. The results of artificial fc'er 
on the peripu ai circulation differ in this respect from those obtained -nath artificial 
fever induced with the application of external heat. 

Fig. 4. — The effect of fever as induced by foreign protein upon the volume changes 
of the third finger of both hands 1 month after sjmpathectomy. It is noted that a 
striking change is obtained in the third finger of the control hand but -cirtually R® 
change in the volume changes of the third finger of the sympathectomized hand- 
It is also to be noted that in the control hand, skin temperature and heart rate roughlj 
parallel the volume changes of the finger. A'ery little change was observed m the 
sympathectomized hand. This indicates that vasodilatation of foreign-protein fever 
is chiefly of central origin. 
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Results. The results may be tabulated as follows: 

1. P^lhe-VohmG Changes in the Finger. A. There was a marked 
increase in the pidse-volurae change in the finger with all types of 
artificial fever used except foreign protein in which a primary de- 
crease occurred followed by an increase. 

B. The maximum increase in pulse-volume change occurred at a 
temperature lower than the maximum used; i. e., between 103 to 
104° F. 

C. The pulse-volume change fluctuated in amplitude after the 
maximum was reached. 

D. The pulse-volume change remained above the control level 
throughout the experiment except with foreign protein as indicated 
above. 

2. Blood Pressxire Changes. As a rule, in normal individuals, 
there is a rise in the systolic pressure and a fall in the diastolic 
pressure during artificial fever, but in this patient there was not 
much change in the systolic pressure, but a rather marked fall in 
the diastolic pressure. 

3. Pulse Rate. As a general rule this is increased during arti- 
ficial fever. 

4. Respiration is also increased diiring fever. As mentioned above 
the changes observed during the various types of artificial fever 
used, were essentially the same except with foreign protein and to 
save added illustrations we are only including tjqjical records 
showing the phenomena indicated. 

Figure 1.4 shows a control record taken for 8 hours. This has 
only minor fluctuations in the pulse-volume changes during the 
course of this period. In marked contrast to this, Figure IB shows 
the tremendous increase in the pulse-volume changes when the 
body temperature is increased by immersion in hot water. These 
results of increased circulation from this procedure compares favor- 
ably with the results obtained in the arm by Hewlett, Van Zwaluwen- 
burg and MarshalF with a different method. It will be seen that 
the maximum excursion occurred at 103.8° F. while the maximum 
temperature used was 104.6° F. 

Figures 24 and 2B show two similar experiments except that 
the body was placed in a light cabinet. In the one experiment 
Figure 24 the ordinary radiant heat was used while in the other 
infra-red radiant heat was used. Both experiments showed marked 
increase in circulation. 

Figure 34 shows the effect of artificial fever induced with foreign 
protein (typhoid injections) on the peripheral circulation. Both 
experiments show a primary vasoconstriction and in this way differs 
from the fever induced by other methods. 

Figure 4 shows a similar experiment upon a patient with a uni- 
lateral cervical and upper dorsal ganglionectomy and ramisectomy. 
The controF side showed results similar to Figures 34 and 3 B while 
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on the operated side no change was apparent. This patient showed 
a normal response to local heat on the control and operated side. 
For further details see Jolxnson, Scuphain and Gilbert. - 
Table 1 is a summarj’’ of the work showing that in general the' 
maximum excursions occurred at temperature considerablj’’ lower 
than the maximum temperature used. This we interpret to mean' 
that the maximum circulation occurs at a lower temperature than 
the maximum temperature used. 

Table I . — Fingeh- Volume Changes With Different Types of Artificial Fever. 


Control. Max ainplit. ' fetiip.^used. { 



-Atnplit.! Temp. 

AmpUt.* Temp. ; 
1 

l-Amplit.! Temp. Amplit, 

1 1 

Temp. 

Radiant heat, electric light 







i 


cabinet .... 

0.013 ' 

99 5 

0.045 

i 103.4 

10.030 

104.6 

0.022 

99.4 

Radiant heat, electric light 

1 




1 




cabinet 

0 010 ' 

98 6 

0.052 

1104.3 

0.038 

104.4 

0.009 

99.1 

Radiant heat, infra-red 

, 0 027 . 

99.4 

, 0 052 ' 

' 102.1 

0.047 

102.4 

0.010 

99.2 

Radiant heat, infra-red 

0.010 

98.2 

0 080 

il03.4 

jo. 071 

104.4 

0.026 

99.0 

Hot water bath 

0.010! 

99.2 

.0.060i 

i 103.81 

iO 048 

104.6 

0.020 

99.6 

Diathermy 

0 013 

98 0 

,0.054 

103.4! 

10.032 

104.7 

0.043 

102.6 

High frequency oscillator 

0.013 ; 

98.2 

0.070 

104.2 1 

|0.055 

104.7 

0,029 

' 99,7 

Foreign protein 

0.013' 

98.6 

'0.052 

103.7! 

0,042 

104.4 

i0.015 

99.5 

Foreign protein 

0.012' 

98 8 

0.043 

104.91 

10.043 

104.9 

to. 018 

99.8 

Control 

0.008 

97.7 

O.Olfil 

99.61 

i 

O.OlOi 

1 ' 

100.1 

0.010 

100.1 


The amplitude is measured in cubic centimeter volume change of the finger and 
the temperature is the rectal temperature. 

This table illustrates that in the majority of the experiments that the maximum 
finger-volume changes occured at a temperature considerably below the maximum 
temperature used. We interpret this as meaning that the maximum circulators'' 
changes occur at the lower temperatures, and that there is an optimum temperature 
for the maximum circulatoiy change. ' 

Discussion. These results show an increased pulse-volume change 
with all t.vpes of the artificial fever used except foreign protein 
which gat'e a primary decrease of the pulse-volume change tyhich 
was associated with the chill. 

We interpret the increased pulse-volume change as increased 
circulation as a result of the vasodilatation and probably increase 
cardiac output. As mentioned in a previous report we indicated 
that the interpretation of the pulse-volume change is open to some 
question and also that the same factors which maintain blood 
pressure in addition to the resistance of the soft tissues in question 
as the important factors in determining the extent of the excursion. 
It might be possible to have an increased circulation without in- 
creased pulsation but not possible to have an increased pulsation 
without increased circulation. In these experiments the excursion 
was markedly increased during the course of the fever except m 
those experiments Avhere foreign protein was used to promote the 
fever. 
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The effect of artificial fever upon the peripheral circulation when 
induced by general heat Avith prevention of heat loss was about the 
same with all of the methods used (Table 1). The finger vol^e 
change increased from about 0.01 cc. control to 0.06 to 0.08 cc. The 
striking feature is that the maximum circulatory response occurred 
at temperatures considerably lower than the maximum ‘used. 
Furthermore, the amplitude of the excursions measuring the cir- 
culatory response showed marked variations as the temperature 
was maintained which we interpreted as due to instability of the 
vasomotor system, and instability of the heat regulating mechan- 
ism which is intimately associated with the vasomotor system. 
These results indicate that there may be an optimum temperature 
at which a maximum circulatory response occurs. This suggests 
that high therapeutic fevers up to 106° as often used are too high 
unless factors other than circulation play a role and are only brought 
out by fevers above the optimum. 

. That factors other than circulation are important in therapeutic 
fever are indicated by another very interesting observation in this 
study; 

The circulatory response to artificial fever induced with foreign 
protein differed from those obtained with artificial fever induced 
by external heat. Foreign protein uniformly in 5 patients gave a 
primary vasoconstriction associated with the chill and followed by a 
vasodilatation. The vasodilatation was never as great as that 
produced by the other methods unless heat loss was prevented by 
insulating the body and the fever maintained. Clinically good 
results are obtained with foreign protein therapy in spite of the 
fact that the peripheral circulatory response is not as great with 
fever induced by other methods. 

The fundamental difference in the results of the two types of 
artificial fever, i. e., the foreign protein fever and that produced by 
external heat, is that the vasoconstriction and vasodilatation of 
foreign protein fever is probably of central origin, while the vaso- 
diktation with fevers produced by the other means is chiefly of 
peripheral origin. For further details see the article by Johnson, 
Scupham and Gilbert.^ 

In this work a number of clinical observations were made which 
are worthy of mention: 

Artificial fever induced by external heat is dangerous unless 
proper precautions are taken and even then some patients do not 
tolerate fever well, particularly those with impairment of the cardio- 
vascular system. 

h irst, one should have proper equipment. A recording thermome- 
ter should be used so that an accurate observation of the tempera- 
ture can be had at all times. A physician should be present at all 
times and means for emergency treatment of heat exhaustion should 
be available. 
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The ability to tolerate tliis type of artificial fever seems to be 
related to the cardiovascular reserve. Some patients under mild 
fever vdll develop sjnmptoms of cardiac insufficiency such as dj'S- 
pnea, cyanosis and the respirations mil be markedly increased. 
In 1 case auricular fibrillation started at 102° (rectal temperature). 
Another patient vomited for a week after fever of 101° for 2 hours 
while a third patient persistenth’- had commlsions with tempera- 
tures around 104°. These illustrations merely show that: (1) arbi- 
trary' standards of "treatment cannot be fixed for this type of therapy 
and, (2) the patient requires constant attention from a physician 
to minimize the danger. 

The question of how long the fever should be maintained is 
debatable. We feel that it should not be run to the point of exhaus- 
tion. This mil vary' from patient to patient and treatment to 
treatment. 

Regarding the best method of inducing artificial fever from exter- 
nal heat we can only' say* that in x'iew of the danger attended with 
this ty'pe of therapy' that the safest method should be used. This 
is probably' the ordinary electric light cabinet. The most dangerous 
method is probably' the hot water bath. 

We are in agreement with Simpson® that the possibility' of doing 
harm with unskilled workers or try'ing to carry' out this treatment 
mth inadequate equipment is perhaps greater than the possibility 
of doing good. We also feel that more fundamental work dealing 
with physiology of fever is essential before this procedure can be 
carried intelligently'. 

Summary and Conclusion. The effects of artificial fever upon the 
peripheral circulation have been presented and may' be briefly 
summarized as follows: 

1. There was a marked increase in the pulse-volume changes of 
the fingers with all ty'pes of artificial fever used, except foreign 
protein which gave a primary' decrease associated with the chill, 
but followed by an increased circulation. 

2. The wasodilatation of foreign protein fever is probably of 
central origin while the vasodilatation with artificial fever induced 
by external heat and preventing heat loss is chiefly' of peripheral 
origin. 

3. The maximum increased circulation from artificial fever 
occurred in general at temperatures between 103 and 104° F. 
while the maximum temperature used was 104.5°. This suggests 
that there is an optimum temperature at which peripheral circula- 
tion reaches a maximum. 

4. Artificial fever from external heat and prevention of heat loss 
is dangerous and should not be used unless adequate facilities are 
available and should not be left in the hands of a technician. 
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METABOLIC RATES IN THERAPEUTIC FEVER. 

By Israel Kopp, M.D., 

ASSISTANT PHYSICIAN, NEUROSYPHIUIS CIjINIC, BOSTON PSYCHOPATHIC HOSPITAL. 

The parallelism between fever and variations in the metabolic 
rate is well known. The major part of the work in this field has 
been done upon patients with febrile diseases such as typhoid, 
malaria, tuberculosis, erysipelas, etc., and upon patients in whom 
temperature rise has been produced by means of intravenous pro- 
teose and typhoid vaccine.^"® But little work has been done on fever 
produced by the more recent physical methods. Neymann and 
Osborne® found an average rise of 7% in the metabolic rate for 
each degree fever (F) in patients in whom body temperature was 
raised by means of diathermy current. Nasset and coworkers in- 
duced fever in anesthetized dogs by means of diathermy and found 
an average increase of about 12.5% in the metabolic rate for each 
degree of temperature (C) rise. In one dog an increase of 313% 
above basal conditions occurred. No quantitative relationship was 
found between rise in body temperature and increase in the metabolic 
rate. The use in this clinic of several methods for the induction of 
fever in the treatment of central nervous system sjqihilis permitted 
a study and comparison of the increases in the metabolic rate ob- 
tained by these different methods. 

Siihjects. ^ Seven male patients were selected from a large group 
who were given fever therapy. These patients varied from 32 to 
"^1? 5 (F. K., A. J., S. M., J. W., J. H.) were diagnosed by 

clinical and laboratory procedures as general paresis; M. J. as tabes 
dor^lis with gastric crisis; W. S. as meningovascular neurosyphilis; 
1 . K. was found to have a consistently low basal metabolic rate on 
nurnerous repeated^ tests, but mjucedema was not present. All 
patients were hospitalized during fever therapy, and were given 
the customary mixed hospital diet. 



492 kopp: metabolic rate in- therapeutic fever 

Methods. Fever was induced by 5 different methods: 1, Diathermy 
current; 2, electric light cabinet and hot moist air; 3, a method combining (1) 
and (2) ; 4, electric blanket; 5, mixed typhoid vaccine intravenously. 

In 6 patients fever was induced only by means of the combined method 
of diathermy current, electric cabinet and hot moist air. Body temperature 
was raised to 104° to 105° F. in from 60 to 90 minutes and then allowed to 
fall. In 1 patient, F. K., body temperature was prolonged by this method 
at arbitrary levels from 1 to 3 hours during which a series' of metabolism 
determinations were obtained. In addition, fever was induced in patient, 
F. K., by all 5 methods aUoiving for a comparison of the metabolic rates in 
fever induced by the different methods in the same individual. 

The diathermy machine used is that of the General Electric, Victor type. 
Insulation was obtained by means of a celotex cabinet, containing eight 
60 Watt electric lamps, and by means of rubber and woolen blankets. The 
latter tj^pe of insulation is more uncomfortable than the former. With 
the electric cabinet insulation the heat given off by the lights is considerable 
and both dry and wet bulb temperatures rise rapidly, reaching a level of 
about 115° F. and 100° F., respectively, in an hour. In addition air blank- 
ets of different dry and wet bulb temperatures are present as one proceeds 
from body level to the top (19 inches above) of the insulating cabinet. 

Two different sets of electrodes were used for diathermy treatment: 1, 
fenestrated electrodes applied to chest, abdomen and back and kept in 
place by means of a canvas jacket and 2, segmented bracelet electrodes 
encircling both thighs, arms and waist. 

The electric blanket is merely an enlarged electric heating pad. The 
patient, except for the head, is covered with rubber and insulating blankets, 
and then enveloped in a large electric mesh blanket. The blanket tempera- 
ture fluctuates from about 115° to 130° F. 

Tj’^phoid vaccine fever was induced in patient, F. K., by the intravenous 
injection of 150 million mixed organisms. 

Rectal temperatures were used and were obtained by means of a self- 
recording motor-driven temperature unit. Where temperature changes 
occurred during the metabolism test an average reading was taken. 

A portable Benedict-Roth metabolism machine was used to determine 
the metabolic rate over 6- or 7-minute intervals. The DuBois standards 
as modified by Boothby and Sandiford were followed in the calculation of 
the results. The initial weight of the patient was taken even though there 
occurred, as a rule, a loss of from 1 to 5 pounds in weight during treatment, 
the loss in weight depending upon the duration of treatment and the fluid 
intake. The changes in weight involved a maximum variation of =fc 2.5% in 
the results obtained. 

Treatment Avas usually given everj-^ second or third day. On the morning 
of treatment, a. light breakfast was alloived at 6.30 a.m. to 6 patients. 
This light breakfast consisted largely of carbohydrates, some protein, and 
very little fat. The seventh patient, F, K., was able to undergo all fever 
treatment under basal conditions. At 8.00 a. ii. the patient was weighed 
and then allowed a rest period in bed of from 45 to 75 minutes. An initial 
metabolic rate was then determined and in the case of patient F. K., re- 
peated. Fever treatment was then started. 

Results and Discussion. The initial metabolic rates obtained on 
each patient before the start of fever therapy on each treatment 
day revealed fluctuations of from 15% to .35% (Chart I). In 4 of 
the 7 patients greater variations than the usually accepted ±10% 
for one’s basal metabolism were present and may ivell be due to the 
effect of the early morning meal which though restricted was not 
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uniform.' No attempt was made to estimate^ quantitatively the 
intake of food, but since metabolic determinations were not made 
for from 2 to 2| hours after the light breakfast allowed, the effect 
of food was probably slight and became less so as body temperature 
\vas rising. Soderstrom and coworkcvs^ have shown that a light 
breakfast of 222 calories consisting of one slice of bread (30 gm.), 
60 cc. milk, and 8 gm. of butter (a breakfast consisting of 4.7 gm. 
protein, 9 of fat, and 28.9 of carbohydrate) increased heat produc- 
tion only 7%, 2%, and 2%, the first, second and third hour respec- 
tively after ingestion. The initial metabolic rates of patient, A. J ., 
who was allowed an early breakfast, and who could best tolerate 
fever therapy showed the least variation (15%). The greatest 
fluctuation in the initial metabolic rates occurred in patients, S. M., 
and M. J., who were the most uncomfortable and restless during 
fever therapy. Patient F. K., undei- basal conditions, showed varia- 
tions of 20% in the basal metabolic rate on 47 determinations. 
When the rates of this patient were taken chronologically, it was 
seen that repeated fever therapy over a period of 7 months had no 
residual effect on the basal metabolic rate. 



Chart I. — Initial metabolic rates.' 

The metabolic rates of the 7 patients during fever induced by 
diathermy current combined with the electric cabinet and hot moist 
air are seen in Chart II. As the body temperature ivas I’ising rapidly 
140 determinations were made and 180 as the body temperature fell 
after the insulating electric cabinet had been removed. The meta- 
bolic rates tended to increase as the body temperature was raised 
but variations of a marked degree occurred at different temperature 
levels, _ whether the body temperature was rising or falling. These 
variations, as much as /0%, are much more marked when the resu’lts 
of all the experiments are grouped together than when the results 
of each patient are considered separately. The metabolic rates 
of the 7^ patients during this type of induced fever revealed an 
average increase of from 5 to 14% for each degree rise of body tem- 
perature. Repea,ted experiments revealed also fluctuations for 
each patient for similar temperature levels so that the rise in meta- 
bolic rate was not absolutely uniform as body temperature increased. 
The degree of fluctuation appeared to depend to a large extent upon 
the amount of discomfort present during fever treatment as revealed 
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especially by hyperpnea and restlessness. Patients, S. M., and M. J., 
in whom restlessness and hyperpnea were most marked, showed the 
greatest average increase in metabolic rate, 10% and 14% respec- 
tivel}^ for each degree of temperature rise. Patient, A. J., who 
experienced very little discomfort during fever therapy showed an 
average increase of only 5 % for each degree temperature rise. The 
effect of hyperpnea and discomfort during fever upon the metabolic 
rate has already been pointed out bj"^ various observers. The 
removal of the insulating cabinet when body temperature had 
reached its desired height and the exposure of the patient to room 
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Chart II. — Increase in metabolic rate in diathermy fever. 


temperature and humidity was accompanied in most cases by a 
rather rapid and steep fall in metabolic rate. This occurred whether 
body temperature remained at the same level, fell, or even continued 
to rise. Following this preliminary drop, the metabolism tended 
to fall quite slowly. At times the drop following uncovering of the 
patient would be so steep that the metabolic rates obtained there- 
after e^'en though fever was still present, would not vary much from 
that obtained at the start of the experiment. As a rule, however, 
with uncovering, the metabolic rate would fall to a level above that 
obtained before fever was induced and then fluctuate within narrow 
limits about this level even though the temperature fell as much as 
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4° to 5° F. The final metabolic rate obtained at the end of each 
experiment, when body temperature was nearly or the same as at 
the start of the experiment, also showed variations from the initial 
metabolic rates even as much as 30% (Chart II). 

Barr and DuBois,^ following observations on patients with 
malaria, have stated that with an increased temperature increased 
heat production occurs, and that the elimination of heat by means 
of the expired air and evaporation of sweat from the body surface 


■■mm 

■■■■■■I 


■■■■■■■■■■■■■■■■■■■■■■■■I 
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Chart III, — Metabolic rates at sustained temperature levels. 

remains fairly constant. "With a fall from a higher to a lower body 
emperature heat elimination through these channels is increased 
considerably, and heat production tends to fall to a low level slightly 
^ During the fall in body temperature there is no 

mar -ed decrease in heat production, but a gradual lowering of 
production to a normal level. According to these observers no 
nmchamsm IS present by which heat production can be lowered 
a riiptly. ihe rather rapid and steep drop in metabolic rate occur- 
ring after the removal of the insulating box and its hot air blanket 

VOL. 190, NO. 4. — OCTOBER, 1935 IS 
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ivhetlier body temperature fell, rose, or remained at the same level in 
the experiments reported above must be attributed not only to the 
aboA'e described mechanism of temperature fall but, also, to the 
removal of the hot humid air blanket which by itself is capable 
of producing changes in the metabolic rate whether body tempera- 
ture is increased or not.'^-^^ increase in metabolic rate caused 
by the air blanket is due (a) to the heating of the peripheral bodj' 
tissues to a temperature above that recorded rectallj'- and (b) to 
the disturbing effects of a variable degree produced in each individual 
patient. 

When fever was induced in patient F. K. by the combined 
method of diathermj’', cabinet, and moist air, and body temperature 
prolonged at arbitrary levels, the metabolic rates obtained at these 
different levels showed a rather suggestive linear relationship to 
the temperature (Chart III). In these experiments, also, a lower 
metabolic rate was obtained as a rule when bod}'^ temperature fell 
during the determination than when it was rising. The determina- 
tions in these experiments were made after the diathermj" current 
had been turned off, contrary to the method used for the determina- 
tions shown in Chart II. 

It is our experience that metabolic rates obtained as the body 
temperature rises are usually higher than when obtained at the same 
or even higher levels after the diathermy current has been turned 
off. Occasionally the metabolic rate would show a fairly marked 
drop after body temperature had been maintained at the same level 
for a few hours. fVhen hyperpnea is present as body temperature is 
rising rapidly, the turning off of the diathermy current usually 
results in greater comfort and the disappearance of hjperpnea even 
though the body temperature remains at the same level or continues 
to rise. 


The question then arises as to whetlier diathermy current per sc 
has any effect upon the basal metabolism and is responsible for 
some increase in the metabolic rate when this t^pe of fever induc- 
tion is used. Xasset* altered the kilocycle value of the diathermy 
current used in dog experiments and concluded that diathermy 
current per sc had no specific effect upon the metabolic rate. Re- 
peated metabolism determinations on patient F. K. (Table 1) 
following short periods of diathermy current, revealed no appre- 
ciable effect of diathermy current upon the basal metabolic rate 


when no change or even very little change in body temperature 
occurred. Alterations of current frequency at high temperature 
levels also caused no appreciable changes in the metabolic rate. The 
differences in the metabolic rate obtained at an increased bodj 


temperature before and after the turning oft’ of the diathermy 
current is due to the disappearance of the hj-perpnea and discom- 
fort of the patient and not to any specific effect of diathermy curreii 
upon the basal metabolic rate. Similar conclu-sions were dravn 
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by Nasset and .coworkers." However, the drop in the metabolic 
rate in anesthetized dogs at increased temperature levels when the 
diathermy current was turned off, even though body temperature 
continued to rise, could not, according to these observers, be ac- 
counted for by diminished respiratory activity alone. 


Table 1.— The Effect of Diathermy Corrent Per Se on the Basal Metabolic 


Time. 

Pulse. 

Body 

temperature, 

” F. 

Rate. 

Box 

temperature, 
“ F. 

9:25 

74 

97.4-97.2 

79 

9:31 

72 

97.2-97.2 

79 

9:59 




9:59 , 

84 

97.2-97.3 

79 

10:06 

84 

97.3-97.4 

79 

10:12 




10:33 

76 

97.3-97.4 

80 

10:38 

76 

97.4-97.3 

80 

11:12 




11:12 

80 

97.2-97.3 

82 

11:18 

80 

97.3-97.6 

82 

11:26 




11:55 

72 

97.6^97.6 

84 

12:02 




12:02 

80 

97.6-98.2 

84 



Metabolic 

Comment. 

rate. 


-19.8% 


-33.6% 

Current on 2000 M.A. 

-31.1% 

-33.9% 

Current off 

-32.7% 

-32.7% 

Current on 

-23.5% 

-27.6% 

Current off 

-23.8% 

Sparksgaps opened 
wide — 2400 M.A. 
Slight diaphoresis 

-25.3% 


In Charts IV, A and B are shown the metabolic curves obtained on 
patient F. K. as body temperature was rising and falling in fever 
induced by the following five methods: 1, Diathermy current; 2, 
electric cabinet and hot moist air; 3, a method combining 1 and 2; 
4, electric blanket; 5, typhoid vaccine. 


Table 2.— The Percentage Rise op Metabolic Rate for Each Degree Rise 
OF Temperature in Different Forms of Therapeutic Fever. 

Typhoid vaccine 9.3% 

Electric blanket 7.9% 

Diathermy, cabinet and hot moist air — Exp. I 7.7% 

Exp. II .... 7.7% 

Electric cabinet and hot moist air 6.9% 

Diathermy— Exp. I 3.9% 

E.xp. II 2.4% 

_ A rather striking parallelism is seen in all methods of fever induc- 
tion except when diathermy current alone is used. (The marked, 
increase in metabolic rate in this patient during the typhoid vaccine 
chill, plus 170 %, is not included.) The average increase in metabolic 
rate for each degree of temperature rise (Table 2) varied from 2.4% 
and 3.9% for fever induced by diathermy current alone to 9.3% for 
typhoid vaccine fever. The results obtained in these different 
rnethods of fever induction agree quite well with the accepted 
rise of 7.2% for each degree of body fever^'* except for diathermy 
current alone. The small increase in the latter type of fever may 
be due (a) to the absence of any protein destruction in fever'induceil 
by diathermy alone and (fe) to the absence of the hot moist air 
blanket. ■ 
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ggBggSSaBB BBBBBB BBBBBfiBBBBBB— H!lfflgmaaBaB 
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Chart IV A. — Comparison, of metabolic rates in different modes of therapeutic 


I ■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBgggggg■ 
■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBggflggggggS 
USSBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBggggg 
BBBBBBBBBBBBBBBBBBBaBBBBgBBBBBBBBBBBBggggi 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBggggggl 
BBBaBKaBBBBBBBaBaBBaBaBBaBRBBBBBBBBBBBBBH 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

BBBBBBBBKBBBBBBBBBBBflBBBgBBBBBgggggggggggS 

BBBBBBBBBBfiHBBBBBBBBBBBBgBBBBBBggggggggBg! 

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBflBBBBBBBBgBBB 

BBBBBBBBBBBBBBBBBBBBBBBBgBBBBBggggBBBBHM 

aaaBBBBBaBBBBBBaaBBBBaBBBBBBBBBBBBBBBBBBBg 

BBBBBBBBBBBBBBMBaBniBBBBB BBBB B BB BBBBgBgBBBB 

aaBaBBBaaaBBBBBMBaMBBaB BaBBB BBBBBBBBBgggga 

aBaaBBBaBBBBaBaBgaaaBBBBBBBBBBBBBgBBBBBBBB 

BBBaBBBBBBBgBBBBaBBggaBBBBBBgBBgggggggBgSB 

BaaBBaaBBBaaBBaaaaBBiaBBaBBaBgagBBBaBBBBBBa 

BBBBBBBRBBBBBBBBBBBBBBBBBBBBBBBBIlBBBgiBBBS 

aaaaa^MaBa BgiagBaiaias^ 

BaaBaaaa^BmaaBagBagS^ 


aaBBaSBa aBBBBaSBMBBBBlWBiniaBBBBSBBBggiggl 

aBaaaaaaBaaBaBaaBaBBaaBBBBBBaar""^-^"*”**™*””' 




ms 


Chart IV B . — Comparison of metabolic rates in different modes of therapeutic 

fever. (See Chart IV A.) 
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The rapidity of body temperature rise did not appear to play any 
part in the results obtained in these five different methods (Table 3), 
contrary to the belief of some that higher metabolic rates are ob- 
tained in acute fevers than in chronic onesd'’’^^ Nasset and co- 
workers^ felt that the rate of increase in body temperature was an 
important factor in the high metabolism results obtained by them 
on dogs in whom body temperature was raised by diathermy. Fever 
induction in patient F. K. by means of diathermy current com- 
bined with the electric cabinet and hot moist air required an a\ erage 
of 11 minutes for each degree of body temperature rise. In fever 
induced by the electric cabinet and hot moist air, an average of 63 
minutes was required for each degree of temperature rise. In spite 
of this marked difference in time interval the increase in metabolic 
rate for each degree of body temperature in both instances was 
about the same, 7.7 % and 6.9% respectively (Table 2). - 

Table 3.— A Comparison op the Rate of Rise of Body Temperature in 

Therapeutic Fever. 



Temperature 

Minutes per 


Range. 

degree rise. 

Diathermy, cabinet and hot moist air . 

. 99.6-105.7 

11 

1 

9S. 2-105. 3 

11 

Typhoid vaccine 

. 99.0-103.8 

30 

Eieotrio blanket 

. 97.8-105.4 , 

33 

Diathermy current 

. 99.2-104.0 

35 


97.2-101.8 

39 

Electric cabinet and hot moist air . 

. 99.6-104.0 

63 


A rather rapid and fairly marked drop in the metabolic rate 
occurred when patient F. K. was uncovered and body temperature 
allowed to fall in fever induced by the cabinet and hot moist air, 
and by the combined method of cabinet, moist air and diathermy. 
A similar but less marked fall occurred in fever induced by the 
electric blanket and tjqDhoid vaccine. In fever induced by diathermy 
current alone, the metabolic rate was approximately the same when 
body temperature was rising and falling. The drop in metabolic 
rate with pncovering of the patient was most marked in those meth- 
ods in which hot, moist air was a factor in raising body temperature. 

Summary. 1.^ Metabolic rates were determined on 7 patients 
with neurosyphilis in whom fever was induced by artificial means. 
In 6 patients in whom fever was induced by the combined method 
of diathermy current, electric cabinet and hot moist air, determina- 
tions were started about 2| hours after a light breakfast. In the 
sevMth patient in whom fever was induced by 5 different methods: 
a, Diathermy' current; b, electric cabinet and hot moist air; c, a 
method combining (a) and (b); d, electric blanket; e, mixed tjqihoid 
Aaecine, all determinations were made under basal conditions. 

• increase in the metabolic rate occurred when fever was 

induced da the combined method of diathermy current, electric 
light cabinet and hot moist air. Though a rather suggestive linear 
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relationship was present, fluctuations of a fairly marked degree 
occurred at different temperature levels when the group is taken 
as a whole. This may be due to individual variations in the degree 
of discomfort manifesting itself especially by hyperpnea, the meta- 
bolic rates at higher levels paralleling, as a rule, the amount of hyper- 
pnea present. 

Repeated metabolic rates obtained on 1 patient under basal 
conditions in a series of experiments during which body tempera- 
ture was raised by similar methods and maintained at different 
levels from 1 to 3 hours revealed a fairly uniform increase in body 
metabolism for each degree of temperature rise. 

3. The removal of the insulating hot, moist air blanket when 
body temperature had reached its desired height was followed in 
nearly all cases by a rather steep fall in metabolic rate, whether 
body temperature remained at the same level, fell or even rose. 

4. Metabolic rates for similar temperature levels were higher when 
the temperature was rising than when falling. 

5. Diathermy current fer se over short time intervals had no 
specific effect upon the basal metabolic rate provided no rise in 
body temperature occurred. Alteration of the frequency of the 
diathermy current at increased temperature levels also caused no 
appreciable change in the metabolic rate. 

6. The increases in metabolic rate obtained on the 1 patient in 
whom temperature rise was induced by the 5 different methods 
enumerated abo\'e showed a rather striking parallelism and did 
not differ much from the accepted rise of 7.2% for each degree 
Fahrenheit except in fever induced by diathermy current alone. 
In the latter the average rise in metabolic rate was 2.4% and 3.9% 
for each degree fever. The rapidity of rise in body temperature 
plaj^ed no part in the results obtained. 

7. Repeated fever treatment of 1 patient over a period of 7 
months had no residual effect upon the basal metabolic rate. 

The i^Titer gratefully acknowledges the many helpful suggestions and encourage- 
ment of Dr. Harry C. Solomon. 
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(From the Department of Surgery of the Fifth Avenue Hospital.) 


Progress in the management of hemorrhage in hemophilia and 
in certain types of obstructive jaundice has been much impeded by 
the lack o? a practical concept of blood clotting. A distinct need 
exists for a simple theory which may serve as a guide in the clinical 
study of disturbances in the clotting function of the blood. Recently 
Wohhschi in a thorough and critical review of the coagulation of 
theory which incorporates the essential ideas 
0 ^ Bordet, “ Morawitz/ and others. According to this concept clot- 
ting proceeds in two phases; 

tt' tliromboplastin -f- calcium = thrombin 

II. Fibrinogen -}- thrombin = fibrin 
Thus, only 4 constituents are essential for clotting: prothrombin, 
t iromboplastin, calcium, and fibrinogen. By the interaction of the 


* This work was presented before the Twenty-ninth 
■mciety of Biologic Chemists at Detroit, April 1935 
Blossom Fund. 


meeting of the American 
It was supported by the 
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first tliree components, thrombin is formed, and this substance has 
the power to convert soluble fibrinogen into insoluble fibrin. If 
this simple concept of blood clotting is correct and sufficiently com- 
prehensive, any disturbances in coagulation should be traceable to a 
qualitative or quantitative alteration in one of these essential com- 
ponents. In this study these 4 substances were carefully considered 
in an effort to find and to develop satisfactory methods for their 
estimation or quantitative determination. From a review of the 
literature, it became apparent that fibrinogen and calcium were 
probably rarely responsible for disturbances in blood clotting and 
therefore required little consideration other than a brief summary 
of their relation to clotting. 

Fibrinogen. The concentration of fibrinogen in plasma varies 
normally from 0.3 to 0.75%, but this wide range has no demon- 
strable effect on clotting time. We have even found that adding 
purified fibrinogen to plasma does not alter the speed of clotting. 
It seems fairly certain that fibrinogen plays an entirely passive 
role, and that the rate of clotting depends primarily on the concen- 
tration of thrombin. Nevertheless, it is obwous that in the total 
absence of fibrinogen, no clotting can occur, and interestingly, 2 
such cases have been reported in which fatal hemorrhage had to be 
attributed to a lack of fibrinogen in the blood. This condition 
Wohliscffi has named pseudohemophilia. It can be reproduced in 
animals as illustrated by the following experiment: 

A freshly prepared and filtered saline extract of rabbit brain 
(20 cc.) Avas injected intravenously into a dog. A severe reaction 
occurred immediately, respirations became shallow, and a nystag- 
mus developed. The fibrinogen u'hich Avas 0.44% before the injec- 
tion dropped to 0.09 in 5 minutes and to a mere trace 30 mimites 
after the injection. The dog AA'^as killed 1 hour later and autopsied. 
No definite intraA'^ascular clotting could be found, but there Avas a 
relatively small pulmonary infarct and also a small mesenteric 
infarct. 


While fibrinogen does not influence the clotting time, it is con- 
ceiAmble that if its concentration is too Ioaa', a fragile and poorly 
adhering clot Avill form. In hemophilia, hoAveA^er, a normal fibrino- 
gen concentration has been found by all inA^estigators.®''-* In 
obstructNe jaundice the literature is more conflicting. The Avork 
of Doyon,® Whipple and Hurwitz*® Foster and Whipple” and others 
show that liA^er damage can markedly reduce the blood fibrinogen. 
Recently, hoAA'eA'er, Linton'- studied a series of obstructive jaundice 
cases, and found an elcA'ation of fibrinogen cA-en in those patients 
that died from hemorrhage. We haA'e obtained essentially similar 
results. It seems fairly improbable, therefore, that fibrinogen 
deficiency can be the causative factor for the liemorrhagic diathesis. 

Calcium. Contrary' to the Asudely accepted A'ieAA' tliat ionizcf 
calcium of the blood influences the rate of clotting, it seems inoie 
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likely that it is only the organically combined calcium which is 
directly essential for' the formation of tlirombin. Scott and Cham- 
berlaini® have demonstrated that the quantitative removal of ionized 
blood calcium with oxalate Avill not prevent clotting; and they as 
well as Vines/^ and Steward and Percival'^ have found that it 
requires 3 times the theoretical amount of oxalate before clotting is 
completely inhibited, Avhich suggests that the organically bound 
calcium must be precipitated before the clotting process is stopped. 
Eagle'® in a recent paper discussed the possibilities that thrombin 
may be a calcium-containing compound. Since these same consider- 
ations may be applied to prothrombin, it is likewise conceivable 
that in the latter, calcium may be an essential part of the molecule 
and that therefore in the conversion of prothrombin to thrombin, 
inorganic calcium perhaps plays no direct role. Ionized calcium 
is hoAvever a dominant factor in platelet lysis, as Ferguson''' has 
convincingly demonstrated in a recent work, thus confirming the 
observations of the older investigators. The question why calcium 
only becomes effective in shed blood still remains unanswered. It 
is doubtful AAdiether clinically even marked changes in the concen- 
tration of inorganic blood calcium have any significant influence on 
the clotting time. No hemorrhagic diathesis has been observed 
in the extreme hjq)ocalcemia of parathyroid deficiency, nor has 
intravascular clotting been reported in cases of hyperparathyroidism 
in Avhich hypercalcemia of long duration often was present. Experi- 
mentally, Ravdin, Riegel, and Morrison'® could demonstrate no 
change in the coagulation time of blood after inducing a hypocal- 
cemia in dogs by parathyroidectomy, nor by bringing about an 
elevation of blood calcium with parathormone. In hemophilia 
the concentration of calcium in blood is normal,'®’®’®' and in 
obstructive jaundice, even in severe hemorrhagic cases, no signifi- 
cant change in blood calcium is found. Wangensteen®® aaRo has 
carefully rcAucAA^ed the literature concluded that a deficiency of 
calcium has not been adequately demonstrated in any hemorrhagic 
disease. Ravdin and his coworkers Avere unable to reduce the 
clotting time of normal and of jaundiced dogs by intravenous 
calcium^ injections. It is probable that any beneficial effect obtained 
by calcium administration may be due to its therapeutic action on 
liver function rather than on any direct influence on clotting. 

Since neither fibrinogen nor calcium seem to be important factors 
m the hemorrhage seen in hemophilia or obstructive jaundice, 
attention must be centered on prothrombin and thromboplastin. 
I'nfortunately no generally accepted methods for studying these 
tAA'o agents are aA'ailable; in fact, CAmn their nature is still a subject 
of controAnrsy. Ihe first task that had to be undertaken AA^as the 
dcA’^elopment of a method for estimating prothrombin, and the 
second, the preparation of a stable and actNe tliromboplastin. 

dhe method dcA’eloped for the estimation of prothrombin depends 
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on the conversion of this substance to thrombin, and determining 
the activity of the latter in terms of clotting time, since the speed 
of clotting is a function of the concentration of thrombin. From the 
equation: 

Prothrombin + tlmomboplastin + caleium = thrombin 
it can be postulated that if both calcium and thromboplastin be kept 
constant, the rate of tlirombin formation becomes proportional to 
the eoncentration of prothrombin. Incidentally, Eagle-^ has demon- 
strated that the amount of thrombin formed is independent of 
calcium and platelets but varies directly with the plasma factor 
(prothrombin). By employing oxalated plasma and recalcifying 
with a fixed and optimal quantity of calcium, this factor is made 
constant. On adding an active preparation of thromboplastin, 
a maximum acceleration in coagulation time is obtained even with 
an exceedingly small amount, and, significantly, further addition 
will not shorten the clotting time, as shown by Table 1. Thus, 
with the addition of a fixed quantity of calcium and an excess of 
thromboplastin, prothrombin is the only variable and the clotting 
time of oxalated plasma under these conditions can be considered 
a direct measure of the prothrombin concentration of the blood. 
On this basis the following test was developed. 

Table 1. — The Production of a Constant Minimum Clotting Time by the 
Addition of Thromboplastin to Plasma. 

Thromboplastin* added cc. O.OOt 0.002 0.01 0.02 0.05 0.10 0.20 

Clotting time sec. 110 40 22 22 22 22 22 

Prothrombin Determination. Nine cubic centimeters of blood, 
withdrawn rapidly and with special precaution to avoid trauma, are 
promptly and thoroughly mixed with 1 cc. of M/10 sodium oxalate, 
and centrifuged at a low speed for 6 minutes. Of this plasma 0.1 cc. 
is transferred to a dry clean test tube (13 by 100 mm.), and mixed 
with 0.1 cc. of thromboplastin solution. Then, 0.1 cc. of M/40 
calcium chlorid is added, and the tube quickly shaken, and placed 
in a water bath kept at 37° C. The exact time required forthe forma- 
tion of a solid clot is recorded. With an active preparation of throm- 
boplastin, as will be described, normal human plasma Avill clot con- 
sistently in 22 to 25 seconds. J 

If the assumption is correct that the clotting time is dependent 
on the prothrombin concentration, any dilution of plasma should 
produce a delay in the coagulation rate. This actually occurs as 

* 10% aqueous emulsion of rabbit brain heated to 00° C. 

t Mixed ivith 0.1 co. human plasma, and 0.1 cc. M/40 calcium chlorid. 

J A thromboplastin of this degree of activity was consistently obtained using a 
series of more than 20 rabbits secured in New York City. Thromboplastin pre- 
pared from rabbits now obtained in Milwaukee has an ecpially consistent but dis- 
tinctly great activity. It will clot human plasma in 16 to 17 seconds and *bat o 
rabbits and dogs in 7 to 9 seconds. This finding does not, however, alter t c 
correctness or significance of the results presented in this paper. 
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is seen in Table 2. In spite of the excess thi’omboplastin, the clotting 
time increases as the plasma is diluted, so that when the protlirombin 
has been reduced to of normal, the clotting time is increased to 
65 seconds. In order to guard against the possibility that the pro- 
longed clotting is due to dilution of some other constituent in the 
plasma, dilutions were made with both normal saline solution and 
with plasma that had been treated with aluminum hydroxid. This 
reagent removes or inactivates protlmombin without apparently 
causing any other demonstrable change.*'* Thus, a plasma treated 
with sufficient aluminum hydroxid can be considered as a protlirom- 
bin-free plasma. Since the results ivith either diluent are the same, 
it seems reasonable to conclude that the decrease in prothrombin 
concentration alone is responsible for the prolonged clotting time. 
Interestingly, while undiluted human plasma on recalcification 
clots in 22 to 25 seconds when excess thromboplastin is present, 
rabbit’s plasma under these conditions will clot in 12 seconds and 
dog’s in 10 seconds. This indicates that the concentration of pro- 
thrombin in the blood of these two animals is much higher than in 
the human. When 1 .part of rabbit plasma is mixed with either 8 
parts of normal saline or with prothrombin-free plasma (treated 
with aluniinum hydroxid), the resulting mixture will in the presence 
of added tlmomboplastin clot in 25 seconds. Since undiluted human 
plasma will clot in that time, it suggests that rabbit plasma con- 
tains about 9 times as much prothrombin as that of man. 


Table 2. — Progressive Diletion of Plasma as a Means of Demonstrating the 
Effect Diminishing Concentrations op Prothrombin has on. Clotting Time. 


Normal 

Saline 

Clotting 

Clotting 
time with 
excess 
thrombo- 

Normal 

Prothrom- 

bin-free 

Clotting 

Clotting 
time with 
excess 
thrombo- 

plasma 

solution 

time* 

plastint 

plasma 

plasma! 

time* 

plastinf 

cc. 

cc. 

seconds. 

seconds. 

cc. 

cc. 

seconds. 

seconds. 

0.5 

0.0 

120 

23 

0.5 

0.0 

120 

23 

0.4 

0.1 

110 

30 

0.4 

0.1 

115 

31 

0.3 

0.2 

115 

35 

0.3 

0.2 

115 

35 

0.2 

0.3 

115 

45 

0.2 

0.3 

130 

45 

0.1 

0.4 

150 

65 

0.1 

0.4 

150 

65 


* By the unmodified method for determining the clotting time of reoalcified plasma, 
t By the new prothrombin method. 

5 Plasma treated ndth aluminum hydroxid. 


Deter mination of the Clottmg Time of Recalcified Plasma. By 
omitting the addition of excess tliromboplastin, but otherwise 
following the directions of the method outlined for the determina- 
tion of protlu-ombin, one determines the clotting time of recalcified 
plasma, which for normal plasma is from 90 to 130 seconds. This 
method is still commonly called Howell’s Prothrombin Time. The 
term, however, is unfortunate since this method apparently does 
not determine prothrombin; in fact, the thromboplastin derived 
principally from the platelets is an even more important factor 
influencing the clotting time than is the protlirombin. This can 
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readily be demonstrated, for on centrifuging oxalated plasma at a 
high speed, its clotting time on recalcification may become 3 times 
as long as that of the same plasma centrifiiged at such a speed that 
practically no platelets are removed. Nygaard"^ observed that 
within limits the clotting time runs roughly inversely proportional 
to the number of platelets remaining in the plasma. Thus, the 
mechanical removal of the platelets is sufficient to alter profoundly 
the clotting time, although there is obviously no diminution of pro- 
thrombin, but only of thromboplastin. Moreover, by diluting 
plasma with saline solution or prothrombin-free plasma, no signifi- 
cant change in clotting time occurs until the prothrombin is reduced 
to nearly ^ of normal, this demonstrating that the method is alto- 
gether useless for estimating prothrombin, in contrast to the new 
prothrombin test which responds promptly even to a relatively 
small diminution of prothrombin. Nevertheless, the older method 
is clinically A'^aluable. The prolonged clotting time of recalcified 
hemophilic plasma which was first observed by Howelh® has been 
repeatedly confirmed. The application of the test to cases of jaun- 
dice for the detection of a hemorrhagic diathesis was found suc- 
cessful by Bancroft, Kugelmass, and Stanley-Brown,* Lewisohn,-® 
and Nygaard.*® Bancroft and Stanley-Brown^'^’ haA^e further 
obserA^ed that a threatening impending postoperative thrombosis 
may be indicated by an abnormal shortening of the clotting time. 

Preparation and Properties of Thromboplastin. For carrying out 
the ncAV prothrombin test successfully, it is necessary to prepare 
an active and stable thromboplastin. Babbit brain was found to 
be the most satisfactory source, since it is not only A'erj' actiA^e, but 
it can be preserA^ed in the dry state for weeks AAUth little deteriora- 
tion in actiAuty . The preparation is as follows : the brain of a freshly 
killed rabbit is freed of the larger superficial bloodA'-essels, AA'ashed, 
then ground to a paste, and spread in a thin layer on a plate glass, 
or a flat dish. After thoroughly drying at 37° C., the material is 
remoA’^ed from the plate, and preserved in a stoppered container. 
By mixing 0.2 gm. of this material with 0.3 cc. of 0.85% sodium 
clilorid, and incubating for 15 minutes, an emulsion is obtained 
Avhich has practically maximum actiAuty, i. c., it Avill AA'hen added to 
human plasma cause clotting in 22 to 25 seconds. Any preparation 
AA'hich fails to shoAV this actiAuty is discarded. A fresh emulsion 
prepared from rabbit brain^ thymus, or lung, and heated to 60° C . 
for 15 minutes to inactiA'ate any prothrombin Avhich may be present, 
likewise brings about clotting in 22 seconds, thus suggesting that the 
thromboplastin in these 3 tissues is identical. For the test either 
the fresh or the dry preparation may be employed. Attempts to 
purify or isolate the actiA-e constituent iuA-ariablA' led to a dimimi- 
tion of actiA-ity, and sinee the product contains no impurity ' 
AA'ould interfere Avith the present problem no further attempti’ a 
purification AA-ere deemed necessary. 
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Thromboplastin appears to be, as Howell and Cekada^^ suggested, 
a cephalin-protein compound. It is not, as is often stated, free 
cephalin. In the absence of protlirombin, it will not clot fibrinogen. 
The aqueous emulsion when extracted either with ether or petroleum 
ether loses no actmty, nor is any thromboplastic activity found in 
the ether extract. The dry preparation, however, is totally inac- 
tivated when extracted with these immiscible solvents, and the 
extract will be weakly active in accelerating clotting. 

Thromboplastin undoubtedly is an important factor that must 
be considered in the problem of the maintenance of the fluidity of 
intracorporal blood. Circulating blood contains fibrinogen, calcium, 
prothrombin, and platelets, but no free thromboplastin as long as the 
platelets remain intact. Even if a small amount of thromboplastin 
were liberated and a corresponding amount of thrombin formed, 
clotting would not occur immediately, for it req^uires even 4 to 5 
minutes for blood to clot in a test tube. Clotting is dependent upon 
the concentration of thrombin, and in circulating blood, any throm- 
bin formed is under normal conditions diluted sufficiently to be 
ineffective in forming a clot.®^ As a further protection to the indi- 
vidual, any formed thrombin is normally removed at a rate which 
prevents a dangerous accumulation. It is, therefore, unnecessary 
to postulate the existence of any antithrombin or antiprothrombin 
to explain the fluidity of blood. The fact that thrombin must reach 
a certain concentration before clotting can take place is sufficient 
protection against intravascular clotting, provided no general or 
localized circulatory^ disturbances are present. It seems certain 
that the disintegration of platelets is necessary for clotting, and 
that an important factor in this process is contact with roughened 
surface. The smooth endothelial lining of the vascular system plays 
an important function in keeping blood fluid. A roughened or 
calcified intima may produce clumping and lysis of platelets that 
may give rise to clotting. The laying down of fibrin in an aneurysm 
sac can readily be explained. The rough surface favors platelet 
lysis and the local eddies and stagnation of the blood allows suffi- 
cient thrombin to accumulate to cause clotting in the aneurysm sac 
without extension into the normal lumen. In external hemorrhage, 
clotting occurs because not only does the roughened surface favor 
platelet lysis, but also because additional thromboplastin is avail- 
able from the injured tissue. Is it not possible that the rich content 
of thromboplastin in such tissues as brain and lung is a useful factor 
in guarding against extensive hemorrhage in organs where even 
moderate bleeding is serious, and further that the presence of throm- 
boplastin in saliva plays a useful role when the wounded animal 
licks its wound? 

Henwphilia. In studying the plasma of 6 hemophilia patients 
•with the new test for prothrombin, normal results as regards quan- 
tity of this constituent were obtained in every case. No matter 
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}iow mucli the dotting time was prolonged, hemophilic plasma 
after the addition of excess thromboplastin clotted normally, i. e., 
in 22 to 24 seconds' (Table 3). Similar results were obtained using 
whole blood and employing the technique of the Lee White method 
with the modification that in one tube 0.1 cc. of thromboplastin 
was added. The results recorded in Table 4 show that even when 
the clotting time was 10 times longer than normal it became the 
same as that of ordinary blood when tlwomboplastin was added. 


Table .3.— -The Effect of Thromboplastin on the Clotting Time of Hemophilic 

Plasma. 


Clotting time with 

Clotting time* excess tliromboplastin 
seconds. seconds. 

Normal 110 22 • 

Case I ... 330 22 

Case II , . 260 23 

Case III . 405 22 

Case IV 210 . 22 

Case V 270 24 

Case VI 205 22 


* Of recalcified plasma. 


From these results it can be concluded that hemophilic blood con- 
tains a normal concentration of prothrombin. The question re- 
mains, however, whether the defect of hemophilic blood lies in a 
qualitative peculiarity of the prothrombin, as Addis® postulated, 
which makes it resistant to activation, but which can be overcome 
by excess thromboplastin ; or whether there is a deficiency in tlirom- 
boplastin. As normal plasma can be made to clot normal^ with 
hemophilic platelets, a possible prothrombin defect must be kept 
under consideration. An abnormal stability of the platelets against 
lysis or a diminished prothrombin content could cause a tlirombo- 

T.able 4. — The Clotting Time of Whole Blood in Hemophilia. The Effect 

OF Thrombopla.sti.v. 

I.ee White method. 

With added thromho- 

Subjeet. Unmodified plastin* 

seconds. seconds. 

Normal 210 30 

Hemophilia Case I 1260 45 

Hemophilia Case II 2260 24 

* 0.1 cc. thromboplastin emulsion added to 1 cc. of blood. 

plastin deficiency. The work of Sahli," Wohlisch,®® hlinot and Lee,^* 
and others support the hypothesis that the platelets of a hemophilic 
patient are less active than those of a healthy individual. Fonio®'' 
once held the view that the hemophilic platelets contain less throm- 
bocyme (thromboplastin), but recently®® has concluded that the 
stability of the platelets is responsible for hemophilia. Howell 
and Ce'kada®’ also attribute the delayed clotting to a slow disinte-. 
gration of platelets. Interestingly, the tissues other than platelets 
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of a hemophilia patient appear unquestionably normal in regard 
to their thromboplastin content. Minot and Lee,^^ and Lowenberg 
and Rubenstone^^ found that the organs of a hemophilic patient 
had the same content of thromboplastin as those of a normal indi- 
vidual. The saliva of one of our hemophilia cases had a very active 
thromboplastic actionj 0.1 cc. of his saliva clotted recalcified human 
plasma in 22 seconds, whereas the saliva' of normal individuals 
often only produced clotting in 50 seconds. 

The treatment of hemophilia is still very unsatisfactory.^ While 
it is clear that an excess of thromboplastin makes hemophilic blood 
clot normally, no method is known for supplying this substance 
except locally. There is no way to increase the thromboplastin 
content of platelets or to alter their stability. Blood transfusion 
remains the most reliable therapeutic measure for combating hem- 
orrhage, and Minot and Lee^* found that after a transfusion, the 
clotting time of a hemophilic became normal for a few days. Never- 
theless, it is often found that hemorrhage persists after transfusion. 
This can probably be explained as follows. The amount of avail- 
able thromboplastin from platelet lysis even in normal blood is 
relatively small, and therefore it is difficult to supply sufficient 
blood to correct the defective hemophilic blood . The newer methods 
of treatment, such as sensitization to a foreign protein; administra- 
tion of the follicular hormone, theelin, and injection of snake venom 
still require further study before their value can be estimated. 
Active thromboplastin can be effectively used in anj^ hemorrhage 
which can be approached locally. Parenterally it is unsatisfacton^ 
and may even be dangerous. It is doubtful whether intramuscular 
, injection has any demonstrable beneficial effect, and intravenous 
administration is distinctly hazardous. If the preparation is active, 
it may cause extensive intravascular clotting, or cause a sudden dis- 
appearance of the fibrinogen such as we produced in the dog. 

Jaundice. In studying the plasma from various types of jaun- 
diced patients by the new method for determining prothrombin, 
it was found that this component was often greatly diminished, 
as illustrated in Table 5. Instead of obtaining a normal clotting 
time of 22 to 25 seconds, a delay, which in 1 case was as long as 90 
seconds, was obtained. Significantly, the clotting time of recal- 
cified plasma without the addition of extra thromboplastin was 
only slightly prolonged, thus giving, no intimation of the extent 
that prothrombin had been diminished. As already pointed out 
when discussing the results of Table 2, the prothrombin factor has 
a wide margin of safety, and the component can be greatly diluted 
or diminished before a marked delay in clotting time occurs. Never- 
theless, it has been shown by Lewisohn,-^ Nygaard"®, and us, that 
the plasmas of patients that develop so-called cholemic hemorrhages 
show a prolonged clotting time on recalcification. The delay is not 
due to insufficient thromboplastin, for it is clear from the present 
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studies that excess thromboplastin does not restore the normal clot- 
ting rate as it does in hemophilic plasma. These findings therefore 
suggest that the hemorrhagic tendency in jaundice is brought about 
by a diminution of prothrombin. Further work is required, how- 
ever, before this conclusion can be definitely established; neverthe- 
less, it can be used as a working hjqiothesis both for theoretical 
and clinical studies. Thus, the beneficial results from blood trans- 
fusions, which are well recognized clinically, can be readily explained. 
Because of the vide margin of safety in the prothrombin concentra- 
tion, whieh has already been emphasized, even a partial restoration 
of the prothrombin will bring about a sufficient shortening of the 
clotting time to bring it within normal range. 

Table 5. — The Clotting Time of Plasma from Jal’ndicbd Patients. The 
Effects of Added Thbomboplabtin. 


Diagnosis. 


Clotting time with 

Clotting time* 

added thromboplastin 


seconds. 

seconds. 

Normal 

... no 

23 

Carcinoma of biliary tract 

... 210 

85 

Stenosis of common duct , 

... 150 

37 

Chronic hepatitis and stenosis of 

common 


duct 

... 140 

) 90 

Carcinoma of head of pancreas . 

- . . 150 

50 

Liver abscess 

Of recalcified plasma. 

... 120 

35 


Summary. On the basis that the rate of clotting is proportional 
to the concentration of thrombin, and that this agent is formed by 
the interaction of prothrombin, thromboplastin, and calcium, a 
new method for estimating prothrombin has been developed. By 
emplojnng oxalated plasma, recalcifjdng with an optimal amount 
of calcium, and adding an excess of thromboplastin, prothrombin 
become the only variable in the reaction and the amount of throm- 
bin formed depends on the concentration of prothrombin. The clot- 
ting time, therefore, becomes a direct measure of the prothrombin. 

By means of this new test it has been found that the prothrombin 
concentration in the blood of normal indimduals is remarkably con- 
stant, but much lower than in dog’s and rabbit’s blood. 

In hemophilia the prothrombin was found normal in quantity, 
i. e., the clotting time of hemophilia plasma clotted in the same time 
as normal plasma, when excess thromboplastin was added. In the 
plasma of various tj-pes of ja-undice a delayed clotting rate in the 
presence of excess thromboplastin was obtained, suggesting that 
the hemorrhagic tendency in jaundice is caused by a diminution of 
prothrombin. 

BIBLIOGRAPHY. 

1. Wohlisch, E.: Ergebn. Physiol., 28, 443, 1929. 

2. Bordet, J.: Ann. ITnst. Pasteur, 34, 561, 1920. 

3. Morawitz, P.; Hofmeisters Beitr. chem. Physiol, u. Path., 4, 381, 1914. . 

4. Rabe, F., and Salomon, E.: Deutsch, Arch. klin. Med., 132, 240, 1920. 

0 , Opitr, H., and Frei, M.: Jahrb. f. Kinderh., 94, 116, 1921, 



511 


gaucher’s disease of late onset with kidney 

6. Addis, T.: J. Path, and Bact., 15, 427, 1910-19I1- 

7. Sahli, H.; Deutsoh. Arch. Min. Med., 99 , 518, 1910. 

8. Hurwitz, S. H., and Lucas, W. P.: Arch. Int. Med., 17, 543, 1916. 

9. Doyon, M.: Compt. rend. Soc. d. Biol., 58, 30, 1905. 

10. Whipple, G. H., and Hurwitz, S. H.: J. Exp. Med., 13, 136, 1911. 

11. Foster, D. P., and Whipple, G. H.: Am. J. Physiol., 58, 379, 1922. 

12. Linton, R. R.: Ann. Surg., 96 , 394, 1932. 

13. Scott, F. H., and Chamberlain, C.: Proc. Soc. Exp. Biol, and Med., 31, 1054, 
1933—1934. 

14. Vines, H. W. C.; J. Physiol., 55, 86, 1921. 

15. Steward, C. P., and Percival, G. H.: Biochem, J., 22, 559, 1928. 

16. Eagle, H.: J. Gen. Physiol., 18, 547, 1934-1935. 

17. Ferguson, J. H.: Am. J. Physiol., 108, 670, 1934. 

18. Ravdin, I. S., Riegel, C., and Morrison, J. L.: Ann. Surg., 91, 801, 1930. 

19. Nolf, P.: Ergebn. d. inn. Med. u. Kinderheilk., 10, 275, 1913. 

20. Morawitz, P., and Lessen, J.: Deutsch. Arch. klin. Med., 94, 110, 1908. 

21. Hess, A. H.: Arch. Int. Med., 17, 203, 1906. 

22. Wangensteen, 0. H.: Ann. Surg., 88, 845, 1928. 

23. Eagle, H.; J. Gen. Physiol., 18, 531, 1934-1935. 

24. Quick, A. J.: On the Relationship Between Complement and Prothrombin, 
J. Immunol. (In press.) 

25. Nygaard, K. K.: Proc. Staff. Meet. Mayo Clinic, 9, 151, 1934. 

26. Howell, W. H.: Arch. Int. Med., 13, 76, 1914. 

27. Bancroft, F. W., Kugelmass, I. N., and Stanley-Brown, M.: Ann. Surg., 
90, 161, 1929. 

28. Lewisohn, R.: Ibid., 94 , 80, 1931. 

29. Nygaard, K. K.; Proc. Staff. Meet. Mayo Clinic, 7, 691, 1932. 

30. Bancroft, F. W., and Stanley-Bromi, M.: New Jersey Med. Soc. J,, 28, 619, 
1931. 

31. Howell, W. H., and Cekada, E. B.; Am. J. Physiol., 78, 500, 1926. 

32. Bancroft, F. W., Quick, A. J., and Stanley-Brown, M.: Proc. Soc. Exp. Biol, 
and Med., 32, 164, 1934-1935. 

33. Wohlisch, E.: Zeitschr. exp. Med., 36, 3, 1923. 

34. Minot, G. R., and Lee, R. I.: Arch. Int. Med., 18, 474, 1916. 

35. Fonio, A.: Mitt. a. d. Grenzgeb. Med. Chir., 28, 313, 1915. 

36. Fonio, A.; Zeitschr. klin. Med., 119, 687, 1931-1932. 

37. Lowenburg, H., and Rubenstone, A. I.: J. Am. Med. Assn., 71, 1196, 1918. 
(Titles have been omitted for sake of brevity.) 


GAUCHER’S DISEASE OF LATE ONSET WITH KIDNEY 
INVOLVEMENT AND HUGE SPLEEN.* 

By John S. Horsley, Jr., M.D., 
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James P. Baker, Jr., B.A., M.D., 
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AND 
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Case reports and discussion of Gaucher’s disease have occupied 
a fairlj’’ prominent position in the literature during recent years. 
The total number of cases reported is not large, however, and it 
seems worth while to record this case, particularly since it showed 
several unusual features. 

Presented before the Richmond Academ|v of Medicine, January S, 1935. 
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Case Report. History. A -white farmer, aged 47, -was admitted to the 
Sheltering Arms Hospital on May 18, 1934, complaining of a large mass in 
the abdomen and aching in both legs. There -was no historj’- of any familial 
diseases. His mother died of pneumonia and father of kidney disease. All 
of his 4 brothers and sisters are ii^dng and -well. His -wife died of puerperal 
sepsis, lea-ving 5 healthy children. The patient -vs^as in excellent health 
prior to his present illness. He had the usual diseases of childhood, but 
no other definite iUnesses that he could remember. Jaundice and any 
sjonptoms of malaria or venereal diseases -were specifically denied. Since the 
patient -vs^as born in the southwestern part of Virginia and had lived there 
all his life, the possibility of ha-\dng contracted any tropical diseases seemed 
remote. He is not kno-^m tp have had any Jevdsh ancestry. 

The present illness started about 12 years ago when the patient noticed 
enlargenient of the abdomen. He was then examined by Dr. E. M. Corns, 
of IHngsport, Tennessee, who found an enlarged spleen. The enlargement 
of the abdomen at that time had come on gradually during the preceding 4 
months. This was accorajjanied by loss of several pounds in weight, weak- 
ness, and the development of a copper color in the skin. The loss in weight 
and the weakness were attributed to repeated hemorrhages from the intestinal 
tract which had occurred over a period of 2 months. From 1 to 5 times a 
day he would pass from a pint to a quart of bloody, “flesh-like” stools. 
After this illness of 2 months he rapidly gained in strength and weight. 
There was no further bleeding from the gastro-intestinal tract, and no 
hemoptysis or hematuria. Repeated hemorrhages beneath the skin and 
mucous membranes started 7 years after the enlargement of the abdomen 
was first noticed and during the last 5 years of his illness progressively in- 
creased in frequency and severity, especially in cold weather. Mild epi- 
staxis occurred frequently throughout the 12 years of his present illness. 
The aching in both legs began about 5 years before admission and was 
accompanied by swelling and discoloration, particularly in the right lower 
extremity, and most markedly about the right thigh and Imee. These 
sjrmptoms would appear vdth cold weather, usuall}’- in the month of Decem- 
ber, and would clear up as soon as the weather became warm, so that the 
patient was able to return to his usual duties on the farm. Three years 
Ijefore admission he complained of severe pain in his right knee and v'as 
sent to a hospital to have his spleen removed for Banti’s disease. His 
physician stated that there was no swelling or other signs of injury or abnor- 
maht 3 r in the knee, but the pain ■»vas so severe that the patient had to be 
given morphin hjqjodermically for relief. He left against ad\'ice soon after 
admission and before any examinations had been made. The pain in the 
knee lasted for about 3 weeks and did not return ■\rith the same severity. 
He -worked until December, 1933, but from that time to his admission he 
became steadilj'- weaker, and the discomfort, swelling, etc., in both lo-vyer 
extremities became progressively -v\-orse. There -w'as onlj’^ slight variation 
in the enlargement of the abdomen during the last 12 years, except that a 
few months before admission it markedly increased. No mental changes 
of anj' consequence were noted until a few months before admission when 
the patient became sluggish and extreme^ depressed over his condition. 

Treatment previous to admission to the hospital was mereb'- sjmiptoraatic 
and palliative. 

Phijsical ExnmiiKition. The patient was rather poorlj' nourished ana 
decidedlj' emaciated. He seemed to be quite ill. The skin was pale and 
showed slight jaundice, multiple petechiaj and several large subcutaneous 
hemorrhages. The typical j'ello-w -wedtre-shaped pinguecula; were present 
in both sclene. The pupils reacted sluggishly. The gums were swollen 
and hjqjeremic and bled easilj'. The lungs were essentialty normal. Except 
for a soft systolic murmur over the tricuspid area, e-xamination of the heart 
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was entirely negative. The blood pressure was 110 systolic and 85 diastolic. 
There Avas a mass in the abdomen which extended from above the costal 
border down into the pehds, occupying the entire left side of the abdomen 
and extending about 2 to 3 cm. to the right of the midhn^ A definite 
notch could be palpated on the medial side of this tumor. The hver was 
palpable 2 to 3 cm. below the costal border. There was no abdoimnal 
tenderness and no demonstrable ascites. Both legs showed a brovOTsh 
pigmentation. The right leg and thigh were edematous, and the right toee 
showed a firm diffuse swelling which was quite tender, probably caused bj'' 
a hemorrhage into the joint capsule. ^ j 

Laboratory Examinations. On admission, the hemoglobm was 42%; red 
blood count, 2,750,000 ; white blood count, 2300 ; neutrophils, 83 % ; lympho- 
cytes, 12%; large mononuclears, 2%; eosinophils, 2%; basophils, 1%. 
Urinalyses were essentially negative. Subsequent examinations of the blood 
showed a progressive anemia and leukopenia. The blood Wassermann 
reaction was negative. 

Treatment and Course. The patient’s condition grew steadily worse 
from the time of admission. Temperature ranged between 96° and 99° F. 
Liver extract and iron had no effect on his anemia. Calcium gluconate 
given intravenously seemed to lessen the tendency to bleeding and relieved 
temporarily the pain in the knee. Later large doses of morphin were 
necessary to control the pain. During the last few days before death, he 
was irrational and confused. On June 11 (24 days after admission), he 
developed signs of pulmonary edema and died in a few hours. 

Autopsy (Dr. lUnloch Nelson, 7 hours* after death, the body having pre- 
viously been embalmed). The appearance was that of a very emaciated, 
middle-aged, white man. Palpation of the abdomen revealed a large smooth 
mass extending from under the costal margin down to the left iliac crest and 
about 3 cm. to the right of the mid-line. 

The pleural surfaces were smooth and glistening; lungs unusually pale 
except 'for hypostatic congestion of both bases posteriorly. On section 
much edematous fluid escaped. The pericardium Avas smooth and glistening 
Avith increased subepicardial fat and moderate coronary sclerosis. The • 
myocardium and A'^aUes were grossly normal except the cusps of the aortic 
valve which Avere thickened and hardened, resulting in the amalgamation 
of two cusps in a hard, partially calcified mass. Aorta appeared normal. 

The peritoneal surface was smooth and glistening, and contained about 
500 cc. of clear thin yeUoA\ash fluid. The spleen was enormously enlarged, 
weigliing 5890 It measured 38 by 20 by 13 cm. and completely filled 
the entire left side of the abdominal cavity. Its surface was smooth, deep 
blue in color, AAith white spots irregularly scattered over it, and near the 
hilum a large Avhite or pale yellow, soft area, about the size of an orange. 
On section the splenic substance appeared dark red or bluish, and firm.- 
The pale area near the Ifllum on section was entirely composed of a whitish- 
yelloAv and apparently fatty substance. The splenic vessels were much 
enlarged and tortuous. The liver was large, dark broAro, irregular and firm, 
and had the appearance of cirrhosis. The stomach, duodenum, small and 
large mtestmes were grossly normal. _ The appendix was represented by a 
short stump of atropliic sclerotic tissue. The pancreas was small but 
grossly normal. Both kidneys were somewhat enlarged, capsules stripped 
readily leawng a finely granular surface and AA'ere grossly normal on section. 
Ureters, bladder and prostate were normal. 

Microscopic Exajiination (Dr. F. L. Apperly). Spleen shoAs's the 
tjqncal picture of Gaucher’s disease, but in a most advanced stage. Prac- 
tically the entire field is occupied by Gaucher cells, Aidth large round pale 
^^d small darkly staining round or oAml nucleus eccentrically 
placed. The cytoplasm appears to contain a fine netAvork of fibrils. These 
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Fig. 1.— Photomicrograph of liver (X 130) ivith masses of Gaucher cells lying 
betiveen liver lobules and in places apparently invading the sinusoids. Liver par- 
enchyma somewhat degenerated. 



Fig. 2. — Photomicrograph of spleen (X 120) with large pale Gaucher cells 
crowded into alveoli. Two areas show cells containing a considerable amount of 
hemosiderin pigment. A few cells of spleen pulp Ho between the Gaucher masses. 
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Fig. 3. — Photomicrograph of spleen (X 260), same field as Fig. 2, with charac- 
teristic Gaucher cells, large and round, with very pale cytoplasm and small, round 
or oval, eccentric nucleus. Cells often crowded into alveoli. 



Fig. 4. Photomicrograph of kidney (X 75) section from one area shoiving (in 
center) a group of large pale cells (Gaucher cells?) crowded into an alveolus. Note 
also cystic dilatation of many kidney tubules containing a coagulum. 




HORSLBY, BARER, APPEBLY: 


oia 

cells seem crowded into distended spaces, in some of which are broken-down 
cells and dark pigment, extracellular and intracellular. The normal splenic 
substance is almost crowded out of existence (Figs. 2 and 3 ). The white 
necrosed area comsists of a Gaucher cell complex, now quite necrosed, in 
which, the general structure typical of a Gaucher’s .spleen is read% made 
out in ghostly outline. Stain for iron by potassium ferrocyanid shows that 
in the spleen Gaucher cells stain pale blue, but in the liver there are large 
areas in which these cells are completely unaffected, while in others only 
a faint blue color is observed. Contrasting with Pick’s descriptions, there 
is no iron stain in the splenic trabeculce or endothelial cells of venous sinuses. 
With scarlet red, which shows bright red in the presence of true fats, and 
a paler different tint in the case of cbolesterin— esters and cholesterin— fatty 
acid mixtures, the Gaucher cells stain a pale orange, which we maj'- take as 
indicating the presence of cholesterin bodies in small amount. This is very 
noticeably more marked in the splenic necrotic area, especial^' under the 
capsule, than in other parts of the spleen (Table 1 ). 

Table 1. 


Ether insolubJe-alcohol solubJe 
Cholesterol per cent dry weight, materinl, per cent dry weight. 


Analyst. 

Xorinal 

Gaucher 

Degeoer* 

ated 

yormal 

Gaucher 

Degener- 

ated 


spleen. 

cells. 

areas. 

spleen. 

cells. 

areas. 

The Authors 

1.7 

1.8 

3.9 

9.8 

26,0 

14.7 

Bloom and Kem 

2.4 

2.6 


17.6 

22.4 

. . . 

Lieb .... 



- . , 

13.1* 

35.0* 

• • . 

* Calculated on dry weight of ether extracted material. 




Liver substance is shot through with areas of Gaucher cells Ijdng along 
the interlobular l^orders but uith some invasion along the sinusoids of the 
lobules, and apparently causing obstruction and parenchjTnal atrophy 
(Fig. 1 ). 

Kidney sections show glomerular h3'peremia, and tubular degeneration 
mainl3'. In one section, however, there are large C3'stjc spaces,, resembling 
hugeh* dilated tubules almost filling the low-power field, and lined with a 
low &ttened epithelium, embracing an eosinophil coagulnm. The remain- 
der of the section .shows the changes found in ischemic nephritis. In one 
section, however, a small space is seen filled with cells indistinguishable 
from Gaucher cells. Gaucher cells in the kidne3’^ have heretofore never 
been reported (Figs. 4 and 5 ). 

Pancreas shows a normal parench3Tna, but irregularly sclerosed arteries, 
with patcli3' calcification. 

Lung section show no significant changes. 

Bone marrow from the sternum shows no Gaucher cells, but a normal 
marrow. 

Chemical Analysis. Dr. J. C. Forbes, Associate Professor of 
Cliemistr3-, has kindl3" made a chemical anah'sis of the spleen. 
Samples were taken from formalin-hardened material of (a) normal 
spleen (b) a Dpical Gaucher area, and (c) an area in the Gaucher 
spleen which microscopicalK' was seen to be composed of necrosed 
Gaucher cells. 

The material was finely cut up, dried at room temperature, and 
pulverized. It was then extracted in a Soxhiet apparatus, first with 
ether, then ndth alcohol. Cholesterol was determined colorimetric- 
all3- in the residue after ether extraction. The alcohol extract was 
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evaporated to dryness and the residue weighed. This material has 
not been further purified. It is, however, undoubtedly high in 
cerebrosids since it readily reduces Benedict s solution after hydro- 
lysis with hydrochloric acid. 



Fig. 5. — Photomicrograph of kidney (X 260), same field as Fig. 4, showing details 
of group of Gaucher cells in kidney. 



aqe ol onset 
in Tl Cases 


Fig. 6. — Graph constructed from 71 cases of Gaucher’s disease, collected from the 
literature, sho-s\dng the number of cases in each 2-year age period at which the disease 
was first noticed. 



njeig,bl; of spleen 
in 61 cases 


Fig. 7. Graph constructed from G1 cases of Gaucher’s disease in the literature 
showing the weight of the spleen where it is recorded. 
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_ In Table 1 our results are compared with those of Bloom and 
Kern,® and of Lieb.^ 

A. Cholesterol. Our figures, and those of Bloom and Kern, show 
that there is no notable increase of cholesterol in the live lesions of 
Gaucher’s disease, which is in .keeping with the results found in our 
stained sections. In the necrotic area, however, the cholesterol 
content is doubled, possibly due to disintegration and partial absorp- 
tion of cellular debris, the cholesterol remaining behind. 

B. The ether— insoluble— alcohol— soluble fraction, which in- 
cludes the cerebrosid, kerasin, is increased to about 2 to 2| times 
the normal, though in the degenerated necrotic areas it is increased 
to only a small extent above normal. It is possible that in these 
necrosed areas the lipoids are hydrolyzed into their constituents, 
some of which are readily absorbed. 

Remarks. This case is remarkable for the following reasons: 1, 
The age of the patient. We have constructed a graph (Fig. 6) from 
71 cases collected from the literature, showing the number of cases 
in each 2-year age period, at which the disease was first noticed. 
The graph shows that 56% of these cases appeared at or before the 
age of 8 'years. Our patient was 35 when the disease was first 
noticed. Among these cases only 2 (aged 44 and 56) were older 
than our patient. 

2. The size of the spleen. We have constructed another graph 
(Fig. 7) showing the weight of the spleen in 61 cases in the literature 
where this is recorded. Only twice has a spleen of greater mass than 
that of our patient been recorded. These spleens weighed 8100 gm. 
and 6250 gm. as against that of our case, with a weight of 5890 gm. 

3. The appearance in the kidney of an area apparently composed 
of Gaucher cells. These cells, besides appearing in spleen, liver, 
bone marrow and Ijonphoid tissue, have occasionally been reported 
in the thymus, lungs and even cerebral cortex, but in no case have 
these cells been reported in the kidney. 
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HYPERPARATHYROIDISM WITH RENAL INSUFFICIENCY. 
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(From the Medical Service of Dr. Henry Joachim.) 

Since Mandl’s^ classical description of Ins case of hyperpara- 
thyroidism, the subject has appeared more and more frequently in 
the literature. To ’date, more than 100 carefully described cases 
have been reported. Of these, many have been successfully oper- 
ated upon, and startling clinical improvement has been noted. 
The syndrome is so protean in its manifestations, and tends to 
simulate other medical conditions so closely, that it is frequently 
overlooked. This oversight is regrettable because therapy for 
hyperparathyroidism is so successful. 

Albright^ divided his group of cases into six types: 1, Classical 
hyperparathyroidism (von Recklinghausen’s disease) ; 2, osteoporotic 
form of hyperparathyroidism; 3, hyperparathyroidism with riephro- 
lithiasis; 4, acute parathyroid poisoning; 5, hjq)erparathyroidism 
simulating Paget’s disease; 6, hyperparathyroidism with renal in- 
sufficiency (only 1 case of this type is presented in his series). 

We present herewith a case of hyperparathyroidism with marked • 
renal insufficiency. Removal of an adenoma of a parathyroid 
gland was followed by improvement. 

Case Report. D. C., white, female, American, aged 44, a houseivife, 
was admitted to this hospital July 3, 1934. For 1 month she had had 
numerous and varied complaints, chiefly pain in the legs radiating down from 
the Imees, inability to stand, tenderness over the bones, pain on moving 
the joints with indefinite muscle pains, and a tumor of the left Tower jaw 
(which was diagnosed as an epults on biopsy). She complained also of 
frequency and nocturia, naicturating almost every hour, with polyuria and 
a reversal of the day and night ratio, but at no time did she have any edema. 
There was marked anorexia, and a loss of 60 pounds in the past year, mak- 
ing her so weak that she lacked the strength to walk around. She was 
chronically constipated and frequently vomited food soon after meals. 
She also had dyspnea on slight exertion, precordial pain relieved by resting, 
and palpitation. Her mental state was one of constant anxiety, irritability 
and emotional instability. Her vision had been good, although her eyes 
showed chronic conjunctival congestion. She was absolutely definite in 
stating that her hearing was markedh’^ impaired since all these peculiar 
things were happening to her. 

Examination of the patient at the time of admission showed the tem- 
perature to be 100°, respiration 22, blood pressure 110/74. Physically, the 
patient shouyd onlj’^ marked eridence of emaciation and loss of weight, 
and an epulis in the left mandible which was large, hard and smooth, 
reaching above the level of the biting edge of the teeth. There were arterio- 
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sclerotic changes in the eyegrounds, and both eardrums show calcification, 
more on the right side, where almost complete deafness existed. The muscles 
were flabby, mth a marked decrease in muscle tone. 

Lahoraiory Studies. The kidney function test showed an increased night 
specimen with specific gra^uty at 1.009 and below. The dye excretion was 
greatly decreased, l^eing less than 5% after 2 hours. Roentgen rays of the 
chest and of the gastro-intestinal tract were negative. The blood sugar 
was, 108.1 mgm.; urea nitrogen, 31.4 mgm.; creatinin, 2.5 mgm.; uric acid 
4.3 mgm. The basal metabolic rate was +8. The blood Wassermann reac- 
tion was negative. The leukocjde count was 10,000 nuth 80 % neutropliils, 
18% lymphocytes, and 2% transitional cells; red blood count 4,540,000; 
hemoglobin 75 % (Dare). The urine contained a very faint tracaof albumin 
and 20 to 35 pus cells per high-power field with numerous bacteria. The 
electrocardiogram was normal. The weight was 114 pounds. 

On high vitamin diet and supportive and symptomatic treatment, the 
patient improved somewhat and was discharged August 1, ndth the follow- 
ing diagnoses which, at the time, were felt to be unsatisfactory: chronic 
nephritis, epulis, menopause. 

She was readmitted on September 10, noth the story of having been 
bedridden since her discharge, and of having had an exacerbation of all the 
symptoms enumerated previously, which had subsided while in the hospital. 
On examination, the patient showed even more emaciation, marked cach- 
exia, the epuhs was greatly increased in size, and there was a generalized 
hemorrhagic eruption. 

Laboratory Studies. The blood Wassermann reaction was negative; 
the leukocyte count was 9800 with 72% neutrophils, 26% lymphocytes, 
and 2% transitional cells; red blood count was 2,950,000; hemoglobin 60% 
(Dare). The urine showed 1-}- albumin and pus cells too numerous to 
count, nith many bacteria. The blood pressure was 110/74. The carbon 
dioxid combining power was 40%. The blood sugar was 95.2 mgm., urea 
nitrogen 58.8 mgm., uric acid 4.7 mgm., and creatinin 2.8 mgm. The weight 
was 90|^ pounds. The kidney function test was essentially the same as on 
the first admission. The sedimentation time was 20 minutes, the bleeding 
time was 2 minutes, the coagulation time 5 minutes. The platelet count 
was 320,000 per c.mm. The Bence-Jones protein reaction was repeatedly 
negative. 

No other physical or laboratory findings were obtained to aid in the diag- 
nosis. At this time the general opinion was in favor of a sj'stemic disease 
only secondarily affecting the kidneys, and the follonmg possibilities were 
considered : avitaminosis, malignancy, kidne 3 ’^ anomaR^ calcium deficiency, 
malnutrition and starvation with mild acidosis. A blood calcium deter- 
mination taken September 15th to rule out the diagnosis of avitaminosis 
and calcium deficiency disclosed a serum calcium of 19.5 mgm. per 100 cc. 
and a phosphorus of 6.8 mgm. Tliis was confirmed on September 19th, 
when a serum calcium value of 19.6 mgm. was obtained. Thereupon, the 
diagnosis of lij’^perparathyroidism was made. Inclusive Roentgen ray 
pictures revealed no abnormalities in the long bones e.xcept somewhat 
increased trabeculation, and a small cj'st in the third metacarpal bone of the 
left hand (Fig. 3). The skull plates showed osteoporosis and a ground- 
glass appearance with an accentuation of the inner table (Fig. 1). The ribs 
also showed definite osteoporotic changes. These findings bear out the 
statement of Camp^ that the predominant early changes in hyperpara- 
th 5 Toidism occur in the flat bones. Roentgen raj^ of the jaw in the region of 
the epulis showed it to be an osteoclastic process (Fig. 2A), and the relation- 
ship between the epulis and the general condition was recognized, as was 
demonstrated bj' Albright." 



Fig. 1. — The bones of the calvarium show the characteristic changes of hyper- 
parathyroidism, which are mild in this case. There is thickening of the skull in the 
frontal, parietal and occipital regions, with indistinctness of the inner and outer 
tables; and definite and marked osteoporosis of the skull, with the classical, granular, 
ground-glass appearance. 



Fig. 2A. — Roentgen ray of the man- Fig. 2B. — Four weeks after operation, 

dible (obliquely from below), the left fibroosteosis is marked, and the repair 

ramus of which contained the epulis, process is definitely shown in the left 

shows a bone defect in the alveolar region ramus of the mandible by new bone for- 

with a sharply outlined contour and no mation. 

periosteal reaction around it. The sur- 


rounding bone shows marked osteopo- 
rosis. This was taken pre-operatively. 


Fig. 3. — Left hand. All the phalanges and the metacarpals show marked osteo- 
porosis. The head of the third metacarpal shows a small bone cyst. 



Fig. 5. — Note the hyperplasia of the parathyroid cells with predominance of the 
oxyphilic cells. Also note the tendency to glandular arrangement of the parathyroid 
cells at numerous points in the parenchyma. The spaces formed by the latter con- 
tain a colloid-like secretion which stains homogeneous pink with hematoxylin and 
eosin. ( X 120.) 



Fig. 0. — This is a higher magnification of the parathjroid tumor. Note the pre- 
dominance of the oxyphilic cells and the typical glandular arrangement described 
above in Fig. 5. (X 400.) 
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Table 1. — Blood Non-protein Nitrogen Determinations. 



Urea 

nitrogen 

Uric acid 

Creatinin 

Blood pressure. 

Date. 

mgm. per 
100 cc. 

rogm. per 
100 cc. 

mgm. per 
100 cc. 

Systolic. 

Diastolic. 

1934 

July 3 

. 31.4 


•2.4 

130 

94 

July 23 . . 

. 26.5 

4.3 

2.5 

114 

SO 

July 30 

. 37.5 


2.7 

112 

78 

Sept. 12 

. 58.8 

4^7 

2.7 

130 

90 

Sept. 17 

. 51.7 

4.0 

2.8 

118 

72 

Sept. 24 

.49.0 


3.2 

130 

90 

Nov. 2 . . 

Nov. 7 

! 75.0 

Operation 

4,4 

136 

90 

Nov. 10 

. 79.8 

' . . . 

4.1 

134 

90 

Nov. 12 . . 

. 60.0 


2.9 

136 

88 

Nov. 13 . . 

. 66.4 


2.7 

134 

84 

Nov. 19 . . 

. 43.2 


2.9 

132 

90 

Nov. 24 . . 

. 62.1 


2.8 

120 

80 

Nov. 27 . . 

. 66.6 


3.1 

100 

70 

Dec. 4 

. 57.6 


3.4 

118 

90 

Dec. 7 

. 60.0 


3.1 

110 

80, 

Dec. 13 . . 

. 68.1 

4.2 

3.3 

130 

90 

Dec. 15 

. 66.6 


3.2 

104 

SO 

Dec. 27 . . 

. 105.0 

4.7 

3.8 

'100 

80 

Dec. 31 

. 109.0 

4.5 

3.7 

110 

84 

1935 

Jan. 1 

. 120.5 

4.9 

3.8 

80 

60 

Jan. 15 

. 107.0 


2.9 

98 

64 

Jan. 21 

. 89.5 

4!7 

2.4 

90 

50 

Jan. 23 

. 94.5 


3.0 

100 

50 

Feb. 5 . . 

. 50.0 

4.1 

2.6 

100 

50 

Feb. 11 . . 

. 81.5 

4.0 

2.7 

106 

70 


Table 2. — Calciem and Phosphorus Determinations. 





Serum 

24-hr. 


Calcium 

Phosphorus 

Phospliataso 

calcium 


mgm. per 

mgm. per 

Bodansky 

intake 

Date. 

100 cc. 

100 cc. 

units. 

gm. 

1934 





Sept. 15 '. 

. . 19.5 

6.8 



Sept. 19 , 

. . 19.6 

6.5 



Sept. 22 . 

. . 17.6 

6.5 



Oct. 15 . 

. . 16.2 

6.5 

6 


Oct. 16 . 




4.06 

Oct. 17 . 

. . 22.0 

6.7 


4.06 

Oct. IS . 




4.43 

Oct. 27 . 

. . 22.0 

6.8 



Nov. 2 . 



Operation 


Nov. 7 . 

. . 11.6 

6.7 



Nov. 8 . 

. . 11.0 

0.6 



Nov. 9 . 

. . 11.4 

• 5.5 



Nov. 10 . 

. . 12.8 

5.7 



Nov. 13 . 

. . 11.0 

. 6.8 



Nov. 14 . 

. . 10.4 

5.4 


u o 

Nov. 21 . 

. . 11.2 

5.7 

• ’ ' 

o . o 

Nov. 27 . 

. . 10.6 

5.3 


O . o 

Dec. 8 . 

. . 10.5 

9.8 



Dec. 15 . 

. . 14.6 

8.3' 



Dec. 20 . 

. . 9.3 . 

7.1 

4.S 


Dec. 22 . 

. . 11.4 

8.1 



1935 





Jan. 15 . 

. . 11.4 

7.8 



Jan. 16 . 

. . 12.8 

8.0 



Jan. 25 . 

. . 12.4 

7.0 



Jan. 31 . 

. . 11.7 

7.0 



Feb. 7 . 

. . 14.0 

7.3 




24-hr. 

calcium 

urinary 

output 

mgm. 


228 

372 

240 


146 

98 

178 
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Swallomnp: of barium under fluoroscopy showed no filling defect of the 
esophagus, indicating no impingement of any tumor on the esophagus. 
The flat plate of the abdomen revealed no calcification, stone, or other 
' kidney abnormality. No finely granular casts, as mentioned by Albright,"* 
were ever found. • 

At this time the urea nitrogen w'as 58.8, and the serum calcium rose to 
22 mgni. on two occasions (Tables 1 and 2). A calcium balance was done. 
On a high calcium intake, around 4 gm. per 24 hours, the calcium output 
was essentially normal, varjdng between 228 and 372 mgm. per 24 hours. 
The serum phosphatase was 6 Bodansky units, normal being 2 to 4.® . 

The patient was built up by supportive therapy and transfusion, and 
prepared for operation, Avhich was performed by Dr. C. L. Davidson of 
the Surgical Ser\nce on Novenaber 2, 1934, who reports that an adenoma 
of the left lower parathyroid was found, about I inch in length and I inch 
in width, with cystic degeneration. The tumor was dissected free, its 
blood supply was ligated, and it was excised. The right portion of the thy- 
roid gland was explored and two parathyroids were observed. They 
appeared to be normal in size and consistency. 



Fig. 4. — The parathyroid tumor cut in half. The darker colored upper two-thirds 
represents the cystlike structure, while the lighter colored lower third represent.^ 
the hyperplastic parathyroid tissue. 


Pathologic Report. (Dr. S. H. Polayes.) (Fig. 4.) The specimen con- 
sists of an ovoid cystic mass measuring 3 cm. in its greatest diameter. One- 
third of the mass is firm in consistency, and the other two-thirds of the 
specimen consists of a pink mass, which is cystic. Section shows the solid 
pole to be made up of a finely porous yeUow-gray structure which tapers off 
into fine trabeculce, the latter traversing the cystic area to the capsule. 
Tliis produces a multilocular tyjje of cystlike structure, the wall of which 
is very thin, and within which is contained a brown gelatinoid fluid sub- 
stance. . , -n 

Microscopicallg (Figs. 5 and 6). The tis.sue consists of paratliyroio, 
the cells of which are arranged in cords with a vep’' fine but rich capillarj'- 
network. The indiridual cells answer the description of parathyroid gland, 
both oxyphil and basophil cells being demonstrable. In areas, there ^ a 
tendencj" to acinar formation with an exce.ssive colloid production. Tlie 
largest accumulation of colloid is found in the cystic area mentioned m tlie 
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macroscopic description. Here the lining of the colloid collection is a thin, 
fibrous structure, which forms the wall of the cystic pole described above. 
Diagnosis. Adenoma of parathyroid. 

The microscopic shdes were seen by Dr. C. F. Geschickter of the Johns 
Hopkins Hospital, who concurred in the diagnosis. 

Following operation the patient had an uneventful convalescence, and 
within a few days there was a decided drop in serum calcium to 11.6. The 
serum calcium has remained at this level fairly constantly. The serum 
phosphatase was 4.8 Bodansky units. The patient has increased in weight 
from 83 to 98^ pounds. The deafness, which was total in the right ear and 
80 % in the left, has completely disappeared. Concomitant with this dis- 
appearance, the marked calcific deposits in the ear-drums have also dis- 
appeared. The epulis, which previously was large enough to reach the tooth 
line, has now completely disappeared, and Roentgen rays reveal an increase 
in osteoid tissue in the mandible, which previous Roentgen rays showed to 
have a punclied-out appearance (Fig. 2B). Her general appearance has 
changed from one of anxiety and chronic illness to one of general well- 
being and alertness. The muscle tone has increased to normal. 

Despite the marked improvement noted above, there has been no similar 
improvement in the kidney function. Tests have repeatedly given the 
same results as were obtained pre-operatively, that is, specific gravity at 
1.009 and below, increased night specimen, and dye excretion between 5 and 
10% after 2 hours. In addition, there has been noted an ever increasing 
azotemia (Tables 1 and 2). The last estimation, Februarj'^ 11, revealed 
a blood urea nitrogen of 81.5, uric acid of 4, and creatinin of 2.7. 

Calcium balance determinations were made 3 weeks postoperatively. 
On an intake of 5.3 gm. of calcium per 24 hours, the calcium output varied 
between 98 and 178 mgm. per 24 hours. 

This case represents one of the less common clinical tjT>es of the 
hyperparathyroid syndrome, which has come to be recognized 
as a definite clinical entity. Failure to recognize this condition 
results in hopeless confusion because of its close similarity to chronic 
nephritis, malignancy, avitaminosis, starvation and malnutrition, 
congenital kidney anomaly, and the various forms of generalized 
bony tenderness seen in scurvy in adults and bone malignancies.^ 
■ The outstanding features of this syndrome are: 1, Extreme wasting, 
despite a balanced diet;. 2, azotemia without hjqiertension; 3, 
epulis, which may or may not be present; 4, high serum calcium; 
5, evidence of osteoporosis, most marked in the flat bones; 6, hypo- 
tonia. 

We were particularly fortunate, in this case, in finding the hyper- 
plastic tissue in the form of one adenoma which was easily shelled 
out and removed. Other authors report cases of slight adenopathy 
in all the parathyroid glands, and even cases of hj'perplasia ■without 
enlargement of all the parathyroid tissue. The latter cannot be 
improved by operation.^ 

In our case, there is^ excessive and marked parathyroid tissue 
ijpeiplasia, yet the patient has had a relatively long clinical course 
wine 1 has not ended fatally. The following explanation is offered 
tor t ns. C.\ Stic degeneration, as was demonstrated pathologically, 
has gone on hand in hand with the parathyroid hyperplasia, and 
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the formation of new hyperactive and hj^ierplastic tissue is bal 
anced by the fact that some of this functioning tissue has undergone 
cystic degeneration and become functionless. 

We believe in this case that the extent of the kidney damage is 
permanent, as shown by the fact that the urea nitrogen is still ovei 
80 mgm. Since there is no demonstrable kidney stone by Roentgen 
ray, or calcification of kidney tissue or tubules, we must assume 
that this azotemia is due either to calcification of the glomeruli not 
demonstrable by Roentgen ray, or to fibrosis secondary to the 
chronic irritation produced by such calcification, resulting in dimin- 
ished kidney function. 

It will be noticed that the serum phosphorus has persistently 
remained high, despite the fact that the tj^iical hyperparathyroid 
syndrome presents a high serum calcium but low serum phosphorus.® 
We believe that this high phosphorus is merely another manifesta- 
tion of impaired kidney function, being part of the marked kidney 
retention which is shown so definitely by the azotemia present. 

Similarly, it is well known that in hj^ierparathyroidism the urinary 
calcium is definitely increased, while the fecal calcium remains 
unchanged. If there is impaired kidney function, however, the 
urinary calcium remains unchanged, while the fecal calcium may 
rise. This is described by Churchill and Cope.® Thus, in our case, 
we attribute the normal calcium output both pre-operatively and 
postoperatively to inability on the part of the kidneys to excrete 
the calcium, although there was a decrease in the calcium output 
postoperatively. Unfortunately, facilities for fecal calcium esti- 
mation were not available. 

Summary. A case of hjqierparathyroidism is presented showing 
azotemia unassociated with hj^pertension, slight flat bone changes, 
epulis, and chronic wasting, successfully operated on with removal 
of a large parathyroid adenoma. The difliculties in diagnosis are 
presented and discussed. The six diagnostic features of the sjn- 
drome are listed in the hope that this condition will be brought to 
the attention of clinicians, so that future cases will be recognized 
and brought to operation. 

The autLors wish to express their appreciation to Dr. Henry Joachim and to Dr. 
J, J. Guttman for clinical notes and suggestions; and to Dr. Aaron Bodansky of the 
Hospital for Joint Diseases for assistance n-ith the laboratory determinations. 
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PELLAGRA. 

AN Analysis of Cases Admitted to the Pennsylvania 
Hospital Since 1922. 

By Thomas C. Garrett, M.D., 

ASSISTANT PHYSICIAN TO THE PENNSYLVANIA HOSPITAL; ASSISTANT INSTRUCTOR OF 
MEDICINE, UNIVERSITY OP PENNSYLVANIA, PHILADELPHIA, PA. 

(From Medical Service A, Pennsylvania Hospital.) 

Pellagra, a word derived from a combination of Latin and Greek 
—meaning “rough or smarting skin”— has been recognized as a dis- 
ease entity for 200 years. Caspar Casal, a Spanish physician, who 
first described the disease under the name of “Mai de la Rosa,” 
believed it to be due to dietary and atmospheric conditions. Since 
1735 numerous theories have been advanced as to its etiology and 
the names under which it has been described are legion. Wheeler 
says, “No other disease has been known by so many aliases.” And 
Roberts feels that “next to lues. Pellagra is the most bizarre of 
diseases.” Its incidence is now known to be ver}'^ widespread and 
yet there is little accurate information concerning it. Turner ssLys 
that “Pellagra is almostunique among major diseases” in tliis respect. 

Of the numerous theories advanced as to the etiology of pellagra 
from time to time, only two have survived; the infectious and the 
dietary. Each has its advocates but the evidence points stronglj^ 
toward the latter as being in some way vitally involved. In 1912, 
Funk placed pellagra on the list of what he called the “deficiency 
diseases. ^ These diseases he found could be prevented or cured by 
the addition to the diet of certain essential food substances which 
he called vitamins.” McCollum and Kennedy, in 1916, named a 
growth jiroinoting and appetite stimulating” factor, “Vitamin B.” 

hluch experimental work has been done on vitamin B, dogs and 
rats, as well as humans, having chiefly been used. Goldberger and 
his associates in tlie United States Public Health Service who did 
much to clarih' the situation, isolated the pellagra preventive factor 
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(designated the “P. P. factor”). Their belief that it was related 
to the water-soluble vitamin B has been confirmed in the present 
recognition of the antineuritic or antiberiberi portion; as vitamin B 
(Bi English terminologjO and the antipellagric vitamin G (Bs). 

Undoubtedly pellagra was present in many localities in the United 
States prior to its general recognition (Wheeler). In 1864, sporadic 
cases were reported in New York and Massachusetts. However, 
the situation in this country was not appreciated until its recogni- 
tion in Alabama in 1907-1908. Pellagra is especiallj’' prevalent in 
the Southern States, particularly in the “cotton belt” and the mill 
districts, where it is endemic, and at times epidemic. In these 
localities, the economic condition of the people is particularly poor. 
The evil of the “one crop system” (cotton) is reflected iii the diet 
•which consists almost wholl}^ of a few non-perishable, comparatively 
cheap, staple foods of low vitamin content. Endemic pellagra 
makes up about 98% of all cases and is a disease of poverty. 

Sporadic cases of pellagra seen elsewhere in the country are the 
ones which especially interest us. They make up only about 2% of 
the total number of cases. Wheeler states that “sporadic pellagra 
is due to dietary idiosyncrasies and eccentricities, food fads, ob- 
sessions, alcoholism, diseases of the gastro-intestinal tract, etc.” 

Pellagra does not develop until the diet has been restricted for 
several months— usually 3 to 6. More than 90% of the endemic 
cases have their onset from April to July and show spontaneous 
improvement in the autumn and early winter. The disease tends 
to recur. Most writers feel that it is not contagiousAr hereditarJ^ 
Cases haA^e been reported in nursing infants, but it is most commonly 
seen in children from 2 to 15 years in a mild form. It is more com- 
mon in women than men. Underhill says, “grief, monotony, dis- 
ease, constipation, domestic worries, and preparation of food are 
agents depriving women more than men of their appetites. 

The symptoms and signs are many and varied. Bass reminds, us 
that “Pellagra is a systemic disease.” Few students forget the 
chief signs of the “4 D’s” “Diarrhea, dermatitis, delirium and death 
— an expressive and telling phrase. It is insidious in its onset, as a 
rule, but cases are seen of a fulminating nature. 

To the early symptoms of increasing weakness and lassitude, 
anorexia, indigestion, sore and ulcerated mouth, diarrhea is usually 
added. A reduced or absent free hydrochloric acid in the gastric 
contents is common. • . • -n 

The typical dermatitis usually makes the diagnosis easy. But 
there are cases of pellagra without dermatitis: the “Pellagra sine 
Pellagra.” Any portion of the skin may be affected; “any form or 
trauma or irritation may determine the site of the lesions; c. ff-, 
radiant energy, chemical stimulus, or physical irritation "(Stannus). 
The lesions are usually SAunmetrical and well demarcated, i le 
commonest sites are the exposed surfaces such as the dorsal aspect 
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of the hands and about the neck (the “necktie of Casal ) . The skin 
becomes red and erythematous, not unlike marked sunburn. Soon 
pigmentation sets in with thickening, cracking, and Assuring. 
Secondary infection, blebs and bullse may be seen, but the dry 
type” of dermatitis is much the more common. After desquama- 
tion, the skin is pink and shiny in appearance. 

The nervous manifestations of pellagra (ranging from paresthesias 
to marked psychoses), usually occur late in the disease. 

The sporadic pellagra seen in this locality is more common than 
it was one or two decades ago, probably due to prohibition and the 
economic depression. The role of chronic alcoholism and its pos- 
sible relation to pellagra has been much discussed. Prolonged use 
of distilled liquors may affect the individual in one of three ways ; 
(1) it may destroy the pellagra-preventive factor; (2) it may inter- 
fere with the digestion and assimilation of a proper diet; (3) the 
appetite may be so reduced that a proper diet is not taken and the 
individual may exist almost wholly on liquor, usually of inferior 
grade. Spies and his coworkers believe that cases of pellagra found 
in the North are usually associated with severe alcoholism. They 
found that in alcoholic pellagrins the disease was usually curable 
when large amounts of autoclaved yeast and a full, high caloric 
diet was taken together with, and in spite of, a daily ingestion of 
from 600 to 900 cc. of whiskey daily. 

On the other hand, in an earlier paper, Spies reports some inter- 
esting observations made in a series of 6 typical cases of pellagra. 
These cases all gave a history of low food intake and 4 of them were 
chronic alcoholics. They were hospitalized and placed on a care- 
fully controlled diet which was lower in mineral and vitamins C, D, 
and G content than Goldberger’s so-called “pellagra-producing 
diet.” In 5 of the 6 cases, the skin lesions cleared up rapidly. The 
author writes that “possibly a secondary factor is involved in the 
production of the disease.” 

Lesions of the gastro-intestinal tract, interfering with proper, 
nutrition, account for some of the sporadic cases of “pellagra.” 
Ellis feels that any sporadic case which does not respond to proper 
dietary treatment should be carefully examined from the gastro- 
intestinal point of view for a pathologic condition which might ac- 
count for the disease. 

The relation of pellagra to Addisonian anemia has been raised. 
Spies and Payne have proven experimentally that the diseases are 
distinct. They took the achylic gastric juice from 2 cases of acute 
pellagra, on a mtamin G-free diet, and incubated it with beef. 
A hen this mixture was given to 2 patients suffering from Addisonian 
anemia, a characteristic reticrdocyte response was noted showing the 
presence of Castle’s "intrinsic factor.” Absence of characteristic 
changes in the red blood corpuscles and hemoglobin of pellagrins 
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with anacidity adds further weight to the assumption that the 2 
diseases are of different natures. 

For efficient treatment, an early diagnosis is most important. 
After structural changes lia-\'e set in, the outlook is much less favor- 
able. A careful and accurate history is especially necessary where 
cases are seen only sporadically, otherwise the possibility of pellagra 
will be overlooked. The question of diet must be gone into thor- 
oughly, for the crux of the situation is what the patient actually 
eats and not what his table or circumstances offer. 

Pellagra patients at this hospital are put on a full, high-caloric, 
high-protein diet, rich in vitamins. To this is added fresh yeast 
obtained from a brewery in doses of 4 to 6 drams 4 times a day. If 
diarrhea accompanied by low or absent hydrochloric acid is present, 
dilute hydrochloric acid in doses of f to 1 dram, well diluted in 
water and taken tlirough a glass tube, is given with the meals.' 
Patients giving a history of chronic alcoholism are allowed alcoholics 
in gradually reduced doses until the alcohol can safely be eliminated. 
The skin lesions are treated with a bland ointment unless secondarily 
infected. The latter, if present, can be cleared with dilute perman- 
ganate soaks or wet dressings. If anemia is present and severe, 
large doses of iron and ammonium citrate (25%) arc often given. 
Liver extract, intramuscularly, also in large doses has been used 
with good results. 

Underhill’s experiments with dogs indicate that the addition of 
vitamin G to the diet is a much better prophylactic than a curati^'e 
measure. Once the condition of pellagra is well established or 
advanced, i. c., when structural changes have set in, he feels t)iat 
hope for a cure is much more remote. 

In treating sporadic cases, Roberts feels that encouragement and 
even psychotherapy are often very important in order to obtain 
a good result. He adds that the patient must be convinced that 
his symptoms, such as indigestion, Aveakness, diarrhea, etc., are 
caused by the lack of an adequate diet. All too often a patient 
feels that his troubles are due to the taking of certain foods which 
are one by one abandoned until the diet is almost completely cur- 
tailed, and, instead of iraproAung, the condition becomes steadily 


aggra Abated. i i . j 

The f olloAving small series of cases haA'e been obserA'ed in the aa arcls 
of the Pennsyh'ania Hospital from 1922-1935. In each case, t :e 
diagnosis of pellagra Avas made, and all but S haA'e been admittec 


during the past 2 years. 

Case Abstracts. Case 1. — M. R. (No. 64S5), a colored female, aged 32, 
was admitted February 7, 1922. A native of Konda she to Philadel- 
phia 2 years prior to admission. She complained of.Lss j 

weakness. Her AA'eakness dated back to an attack of i^uenza 1 . , 

since that time she “had never been herself.” She ^came inereasinglj 
Aveak and nervous and had been bedridden since August. 19 . 
tite became steadily AA'orse and considerable Aveight Avas lost, bhe g 
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history of alcoholism. Her diet, due to economic circumstances, was limited, 
and considerable corn bread was eaten, but not exclusively. 

Examination revealed a markedly toxic and emaciated negress._ bhe was 
irrational and suffered from delusions. There was marked injection of the 
mucous membrane of the mouth and phar 3 Tix with areas of ulceration. 
There was a symmetrical, bilateral pigmentation of the malar bones and 
dorsal surfaces of the hands and vuists. _ 

Laboratory examinations were negative except for a strongly positive 

blood Wassermann reaction. _ , i 

A diagnosis of pellagra was made but the patient made little progress 
and signed her release from the hospital Februaiy 23, 1922, unimproved. 

Since this patient had only been in Philadelphia for 2 j'^ears prior to 
admission and had been ill during her entire stay, she probably was suffer- 
ing from pellagra before she came North. 

Case 2.— B. B. (No. 1333), a white male, aged 37, was referred here 
May 1, 1923 from Snow Hill, N. C., with the diagnosis of pellagra. 

The patient complained of “bowel trouble,” which he said he had had 
since he was 10. This and diarrhea were especially severe early in the spring 
and summer after wliich they would tend to improve (very suggestive 
history). The j'^ear prior to admission, his condition became much worse 
and there was no seasonal change. He had been' passing 10 to 12 loose, 
watery stools daily ; these nearly alwaj'^s showed a little red blood. The 
appetite on admission was good, and his diet included eggs, cheese, fish, 
butter, white bread, soda crackers, biscuits, and some corn bread. He had 
eaten no vegetables and little meat the year prior to admission because they 
“upset his digestion.” His best weight was 160 in 1911, and on admission 
he weighed only 100. In 1911, he had some “eczema” on his chest, fore- 
head, and cheeks, which was red and itched some. This eruption was not 
constantly present, but would come and go. He also contracted the “ ground 
itch” about 1911. About 4 years prior to admission, dermatitis appeared 
on the backs of his hands, which “comes on especially in spring and when 
the sunsliine is hot.” The skin involvement disappeared during the late 
fall and ndnter only to return the following spring. 

The patient was a farmer. He stated his mother was in an asylum. He 
also stated that he drank “a little wliiskey.” 

Physical exammaiion revealed a poorly nourished, emaciated white 
male, who was drowsy. The tongue was smooth and very red. The abdo- 
men was tender throughout. There were numerous, small, discrete, pig- 
mented areas of dermatitis on the exposed dorsal surface of the hands 
extendmg to the uTists. 

Laboratory examination revealed a marked secondary anemia. Stool 
specimens were positive for occult blood. Hookworm ova and the Strongy- 
loides intestinalis embryo were also present. The urinalysis showed nothing 
abnormal. The blood Wassermann reaction was negative. 

_ Efforts to control the diarrhea and rid the patient of his intestinal para- 
sites were not successful and he failed steadily. He died, after beine irra- 
tional for 2 daj's, July 19, 1923. 

Case 3.— V. B. (No. 7748), a colored female, aged 29, a native of Florida, 
who had lived an unknown period in the North, was admitted to the wards 
on 3 occasions from October 25, 1928, to Febniarj^ 25, 1933. Between 
admissions she was followed in the Outpatient Department. 

Her chief complaint was constipation, first noticed in 1924. She got 
along fairlj’' well until 1927 when she had to resort to purgatives in order 
to obtain soft, watery stools. On her first admission (1928), her bowels 
uould onh' move after jiurgation and straining, accompanied bj' a sense 
of constriction in the anal region. Her appetite was good but she was 

afraid to eat on account of difficulty in moving the bowels.” 
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Physical examination at first was negative, except for a stricture of the 
rectum about 1^ inches proximal to the sphincter. This was dilated under 
general anesthesia and the patient was shortly discharged, greatly relieved. 

_ She was readmitted January 11, 1933, with the same complaints and ■ 
diagnosis. The interval history stated she had been well following her dis- 
charge in 192$ until 1930 when the old symptoms returned. She suffered 
increasing weakness, loss of weight, chills and fever and progressive con- 
stipation, with all stools containing blood, mucus and pus. She had lost 
considerable weight, and her blood count showed 30% hemoglobin and 
2,600,000 red blood cells. _ The skin w'as dry and dehydrated but as yet 
showed no lesions. Dilation of the stricture was again resorted to. The 
Frei test for lymphogranuloma inguinale was suspiciously positive. She 
w^as discharged to the Outpatient Department, improved, January 28, 1933. 

Her final admission came only one month later, February 25, 1933. She 
had become much worse and her emaciation and dehydration were marked. 

She was transferred to the Medical Ward March 17, 1933, when a sym- 
metrical, dry, pigmented dermatitis, extending up to the rvrist, was noted 
on the dorsal surface of the hands. Later, similar skin changes were noted 
at the elbows. Her course was progressively worse and 1 week prior to 
death, the patient became demented. 

Laboratory Data. Blood Wassermann test negative. Marked secondary 
anemia. Volume index, 0.77. Fractional gastric analysis showed a normal 
amount of free hydrochloric acid. The urine showed 1+ albumin and an 
occasional hyalin cast. 

At aviopsy (Dr. J. S. Taylor, 3 hours after death), the following conditions 
were found: (1) pellagra; (2) extensive ulcerative colitis involving the 
descending colon, sigmoid and rectum with fibrosis and narrowing of the 
lumen for the distal 7 to 8 cm. with stricture formation; (3) acute purulent 
peritonitis. 

This case is the most unusual and interesting of the series. Pellagra 
developed secondarily to a lesion of the gastro-intestinal tract, which 
markedly affected nutrition and digestion. The lesion was a rectal stricture 
caused by lymphogranuloma inguinale. . . ■ , , 

Case 4. — M. M. (No. 31059), a white woman, aged 54, native of Philadel- 
phia, was admitted July 16, 1934, complaining of fatigue and nepousness, 
with pigmentation of the backs of the hands and anterior portion of the 
neck and chest. Her appetite had been very poor for 2 or 3 months prior 
to admission and she had eaten a lot of candy. Three days prior to admis- 
sion, after washing clothes, she noticed that the backs of her hands were 
pigmented and somewhat painful. She attributed tliis to the use of laundiy 
soap (the same brand winch she always used) and the effect of sunliglit. 
The skin of the neck and chest became involved at the same time, ihe 


involved area "burned” her. , , , 

Her bowels moved 2 or 3 times daily. There was no diarrhea and only 
occasionaF indigestion. Her diet, prior to admission, bad been reduced, 
due to poverty and for sometime she had lived clueny on bread, butte , 
tea and coffee. She gave no history of alcoholism. , 

Physical examination revealed a faint, reddish-broym pigmentation oye 
the malar bones. The tongue and lips were very red. _ There was 
about the size of the palm of the band on the anterior chest belon t 
clavicles and the suprasternal notch which was ' 

and indurated. Over the entire dorsum of the hands e.xtending just a lo 
the wrists was a brownish-red, desquamating pigmentation of the s ' . 
the ankles were also pigmented. 

Laboratory Findings. Urine, noimal. Blood V'asserrnann test nejati . 
There was no anemia. Free hydrochloric acid was present in the gastric co 
tents. Serum protein was 5.6%. 
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Under treatment, the patient improved rapidly and was discharged 

October 6, 1934. rr 

Case 5.— L. S. (No. 33137), a colored female, aged 36, native of California 
who had resided in Philadelphia for an unknown period, was admitted to 
the Ward, January 15, 1934, complaining of weakness, diarrhea, dermatitis 

and an abdominal mass. .-if 

Her diet, for a year prior to admission had consisted almost entirely ot 
bread, soups, and cereals. Her appetite began to fail in November, 1933, 
and she felt increasingly tired and listless. This was followed by soreness 
of the mouth and a burning sensation of the hands, plus the appearance 
of dermatitis on the dorsal surface. One week prior to admission, diarrhea 
set in. There is no history of alcohohsm. 

Physical examination revealed pigmented areas, almost black, with 
cracking and Assuring on the backs of the hands and wrists. Similar areas 
were present on the dorsal surface of the feet and about the genitalia. The 
tongue was markedly reddened with whitish plaques on the dorsum and 
about the frenum. The uterus contained several fibroid tumors. _ 

Laboratory Findings. There was a, moderate secondary aneima. Urine, 
normal. Blood Wassermann test negative. Free hydrochloric add was 
present, but reduced, in the gastric contents. The stools were positive for 
blood. 

In spite of the usual treatment, the patient became steadily worse, and 
died January 30, 1934. 

Autopsy (Dr. A. D. WalUs, 3 days after death). A few of the findings 
are presented; “A scaly dermatitis was noted at the angles of the mouth 
and on the dorsum of the hands including the fingers and a short distance 
beyond the thenar surfaces of the wrists. This was deep brown, almost 
black, with moderate scaling, and areas of bleeding ulcers. Microscopically, 
the papillse projected downward, deeper than usual, and pigment production 
of the lower layers was definitely increased. Round-cell infiltration was 
scattered throughout the upper layers of the corium and as deep in places 
as the subcutaneous tissues. Notlung except a moderate amount of cor- 
tical atrophy was noted in the brain. Death was probably due to pellagra. 

Pathologic Diagnosis. (1) Pellagra; (2) multiple leiomyomata uteri; 
(3) old chronic bilateral salpingitis. 

Case 6.— J. H. (No. 34662), a wliite male, aged 54, native of Philadel- 
phia, was admitted June 1, 1934, complaining of burning of the backs of the 
hands of 12 days’ duration. Six years prior to admission, following a pro- 
longed diet consisting chiefly of “stews” and no vegetables, the patient 
developed a dermatitis on the dorsal aspect of the hands and suffered from 
diarrhea. He was told he had pellagra and was followed in the Outpatient 
Department of the Hospital. In 6 months, he had apparently completely 
recovered with treatment and an improved diet. He had been well until 
days prior to admission when the diarrhea and dermatitis reappeared. 
The patient had been unemployed for 2 years and Ids diet for 6 months 
before admission consisted chiefly of pork and potatoes, plus a heavy and 
consistent consumption of alcoholics of a poor grade. 

PInjsical Exaniinalioyi. The patient’s mental state was active. There 
were "widespread ulcerated patches of pigmented skin on the dorsal sur- 
faces of the hands up to the "wHsts. 

Lahowiory Findings. Urine showed l-j- albumin. There was no anemia, 
fractional gastric analyses showed achlorhj'dria. The blood Wassermann 
reaction was negative. 

1 showed rapid improvement upon withdrawal of alcohol and 

bettering the diet and nutrition "with the usual methods mentioned. He 
■was discharged June 18, 1934. 
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Case i L. E. (No. 34839), a colored female, aged 31, native of North 
Carolina, whose stay in Philadelphia' is not knomi, was admitted June 18, 
1934, complaining of pain in the chest, fever, sore mouth, and loss of appe- 
tite with dermatitis of the hands. The history was indefinite as to the dura- 
tion of the loss of appetite and the presence of dermatitis, but for several 
months the patient had consumed large amounts of alcoholics and eaten 
very little. 

Phjsical Exaviinalion. The tongue and pharynx were very red. There 
was desquamation and hyperpigmentation on the backs of the hands and 
wrists. No changes were noted over the neck, feet, or genitalia. 

Laboratory Findings. Urine, normal. Blood Wassermann test negative. 
There was a slight secondary anemia. Gastric analysis showed no free 
hydrochloric acid. 

The patient made an uneventful recovery upon the withdrawal of alcohol 
and the substitution of proper diet and treatment. 

Case 8. — D._D. (No. 35068), a colored male, aged 77, native of Philadel- 
phia, was admitted July 8, 1934, complaining of vomiting, diarrhea, and 
itching of the skin. He was veiy poor, and had no one to care for him. For 
several months prior to admission, he had lived on cereals and rice chiefly. 
He had suffered from pruritus for 3 months before enterbg the hospital, 
but the vomiting and diarrhea were only of a few daj’-s’ dnration. There 
was no history of alcoholism. 

Physical Examination showed areas of rough, desquamating hyper- 
pigmentation on the dorsal surface of the hands and wrists, also over both 
anldes. It is of interest that the patient attributed his dermatitis to sun- 
burn. 


Laboratory Findings. Urinalysis showed l-(- albumin with an occasional 
cast and red blood cell. There "was a slight secondary anemia. The blood 
Wassermann test was negative. Fractional gastric analysis showed a Ioto- 
chlorhydria. 

Case 9. — S. P. (No. 35456), a white male, aged 48, native of Philadel- 
phia, was admitted August 17, 1934, complaining of weakness, Joss of appe- 
tite, and failing vision. He was in good health until 4 months prior to 
admission when he began to drink heavily and steadily. He consumed from 
1 to 3 pints of cheap whiskey daily and began to suffer from increasing weak- 
ness, loss of appetite, and falling vision. One month before admi^ion he 
noted redness and roughness of the backs of his hands and he passed 6 to 7 

watery stools daily. j i i j 

There was a loss of 40 pounds in 4 months, and the patient stated he had 
eaten more during his first 3 meals in the hospital than he liad during that 
entire period. The patient was- a mattress maker, unemployed for 9 months. 
He had only occasionall}'^ partaken of alcoholics previously. , , 

Physical Examination showed rather marked emaciation, Un tlie dorsal 
surface of each hand, extending up to the wnist, was a rougfi, scaly , sjto- 


metrical, pigmented dermatitis. 

Laboratory Findwgs. Urine, normal. .There was a 
anemia. The blood Wassermann test was negative. 


mild secondaiy 
Gastric analysis 


showed an achlorhj’'dria. . , , . , ,, i- r „„ 

Under treatment there was a progressive clearing up o' the diarrhea 
• and dermatitis. It was thought that the patient had an alcoholic 000 ” *® 
of the legs as he complained of tenderness along tlie nerie trunks, 
con.siderable rest, baking and massage were ® 

was discharged, much improved, to a convalescent home, October 19 • 
Case 10.— W. J. (No. 36722), a colored male, aged p, natnc of North 
Carolina, had been in Pliiladelphia 7 years before admission. He entered 1 1 
ward, December 30, 1934, complaining of pam and tendernc.ss tlm .‘-ole^ 
of his feet, diarrhea, and abdominal'distress. He had been perfectl.i i 0 



gakrett: pellagra 


533 


vintil 3 months prior to admission when he began to suffer from Aveakness, 
loss of appetite, and paresthesias of his feet. His bowels moved 3 times a 
day and he felt dull and apathetic. Three Aveeks before admission, the 
patient began to suffer from diarrhea and abdominal distress. There were 
1.5 stools daily; and at times, tenesmus AA^as present. At tliis time, the 
patient noticed a dry, scaling, atrophic dermatitis on the backs of his hands 
and Avrists and also about the ankles. . ' 

He gave a history of having consumed a pint of cheap whiskey daily for 
a period of 18 months to 2 years with a corresponding reduction of diet. 
His diet consisted cliiefly of a small amount of canned meat and vegetables 
Avith occasionally fresh fruit. 

Physical Examination showed a mentally dull, young, colored male, 
lying flat in bed. He Avas dehydrated and had a slight odor of acetone on 
the breath. There was oral sepsis, and the pharynx was diffusely injected. 
Glossitis was present Avith atrophy of the papillce and tremor. There AA^as 
a dry, scaling, pigmented dermatitis on the dorsal surface of the hands, 
extending up to and including the AATists. The skin was desquamating in 
thin sheets. There Avas hyper pigmentation over the malleoli and dorsal 
aspect of the feet Avith desquamation. The anterior surface of the neck and 
chest showed hyperpigmentation, but the distribution was not that of the 
typical “necktie of Casal.” 

Laboratony Tests. Urine, normal. Blood Wassermann test strongly 
positive. Stools, moderately positive for blood. No anemia Avas present, 
but 16,800 AAdrite blood cells AA^ere found. 

The patient is still in the ward, but has made a gradual progressive 
recovery, and is soon to be discharged. 

Discussion. Although pellagra has been knoAvn for 200 years, it 
has not been until the past three decades that its presence and 
seriousness in the United States has been giA’^en much attention. 
The disease is a serious one. Wheeler reports that in 1930, there 
Avere 7146 deaths from pellagra in this country, and that for each 
death 35 persons Avere disabled. 

Pellagra is endemic in the South and its presence in that locality, 
is far more common than in the North. In spite of an increase in 
the incidence of the disease in recent years, the author beheAms that 
many cases in the North are OAmrlooked. Like syphilis, pellagra is a 
bizarre disease. Medical schools teach us to be “sjqDhilis-conscious” 
— Ave should also be “pellagra-conscious.” The classical case is 
recognized by any physician, but pellagra often does not make a 
classical appearance. We are too prone to think of the condition 
as only affecting the dermal, gastro-intestinal, and nervous systems 

forgetting that the disease is systemic. 

hoi years the etiology of pellagra has been argued and the point 
has neA'er been definitely settled in spite of a great deal of experi- 
mental work. Dietary deficiency versus infection is still a moot 
question. 

Pellagra is primarily a disease of poA’erty and ignorance. . Hoav- 
CA er, members of the more well-to-do classes of society are not 
immune and frequently, haA'e some A'ery strange ideas about the 
question of diet. A careful history in obscure cases is essential. 
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The important thing to learn is what the patient under obser\^ation 
actually eats and not what his table or circumstances offer. 

Pellagra is an insidious disease in most instances. It tends to 
be seasonal, to recur, and to show remissions. The physician should 
,be alert for its appearance, or cases are sure to be overlooked. 

Ail of our cases seen at the Pennsylvania Hospital since 1922 have 
been ward admissions. 

Case 1 is a case of Southern endemic pellagra, who had been ill 
during her 2 years in Philadelphia. Unfortunately after 16 days’ 
hospitalization, she left unimproved. 

Case 2, also was a Southern endemic case. His pellagra was com- 
plicated by infestation with hookn'orm and strongyloides intestinalis. 
Nothing could be done for this patient whose condition, when seen, 
was advanced; and he succumbed. 

Case 3, to me, is the most interesting one of the series. The 
patient suffered for 10 years from a rectal stricture which had to be 
dilated, under general anesthesia, on 2 occasions. The stricture was 
secondary to lymphogranuloma inguinale. Not until shortly before 
death did symptoms of pellagra appear. The patient had gradually 
reduced her diet and resorted to more purgation in order to keep her 
intestinal canal open. 

Cases 4, 5, and 8 developed pellagra secondarily to diets wholly 
inadequate as to vitamin content, taken over a long period of time 
because of poverty. Cases 6, 7, 9 and 10 developed the disease 
after existing over considerable periods on liquor of poor grade with 
a simultaneous marked reduction of proper food. 

Summary. Ten cases of pellagra seen on the wards of the Penn- 
sylvania Hospital since 1922 have been rertewed and discussed. 
All but 2 were admitted during the past 2 years. The author reels 
that there has been a real, rather than an apparent, increase 
pellagra in the North during recent years. Prohibition, with i s 
attending increase in inferior grades of alcohol, and the economic 
depression are believed to be causative factors. • i, o 4 .u 

Of the 10 cases reviewed, 2 had developed pellagra in the ou 
where the disease is endemic. Of the remaining 8 sporadic cases, a 
seen during the past 2 years, 4 were native Philadelphians, a 
lived in this city for 7 years, and the duration of residence o . is 


unknowm. ^ , 

, Prolonged restriction of food intake, due to . 

etiologic factor in 5 of the cases. The disease developed ro oving 
chronic alcoholism in 4 cases, and secondarily to a gastro-in es ina 
lesion in 1 case. Autopsies on 2 of the 3 fatal cases are presen e . 

Pellagra, as it often does not present the characteristic P‘T •' 
may require great diagnostic acumen, A carefully detailed ns or > 
especially as to amount and kind of food actually eaten, is essen u • 
The condition has become more common in the Aorth in r 
years but it is felt that obscure cases are frequently overlooKco. 
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It is hoped that physicians will become more pellagra-conscious and 
attack the menace early before the disabling structural changes have 
set in. 

The author wishes to thank Dr. David L. Farley, Chief of Medical Service A, 
Pennsylvania Hospital, for his helpful suggestions. 
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THE PSYCHOLOGIC BACKGROUND OF COLITIS.* 

By Frank Bodman, M.D., 

PHYSICIAN AT THE BRUCE WILLS MEMORIAL HOSPITAL, BRISTOL, ENGLAND. 

One of the ideas I do want to put forward is that ulcerative 
colitis may be the end result or organic consequence of functional 
disorder of the colon. Let me give you an analogy: The late 
Dr. Crooksliank’ used to classify angina into three types: (1) The 
false or hysterical; 95% functional and 5% organ inferiority. 
(2) The more severe: 33% poisoning, 33% functional, 33% over- 

* Read to the Medical Society of Indmdual Psychologj% December, 1934. 
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strain of cardiac muscle. (3) Angina gravior: 5% functional, 95% 
gross disease. I believe that colitis by analogy can be classified 
in a similar fashion into functional, intermediate and ulcerative. 
(The Lancet speaks of colitis gravis.^) 

Much research has been carried out into causes of ulcerative colitis 
and much bacteriologic ingenuity has been exercised in order to 
incriminate this or that particular coccus without very convincing 
results.^ Surely what has been overlooked is that with the few 
exceptions of fulminating infection/-® the ulcerative stage is a ter- 
minal condition and the infection would not have taken place 
except in a colon already disorganized by repeated dysfunction. 

We must realize that to speak of curing a patient of ulcerative 
colitis is to make a claim as unreasonably impossible as to speak of 
cm-ing coronarj’’ thrombosis or malignant hypertension. Jones® 
only claims 10% of cures. The truth is that such patients are 
incurable. Gross organic changes have taken place in the mucosa 
of the bowel, in the myocardium, in the elastic tissue of the arteries 
and palliation is the most that one can e.xpect. But prevention 
of these terminal states can be attained if the functional disorder 
is recognized in good time and as partly an expression of an emotional 
state. 

"S^diat I hope to do is to illustrate the stages by which the patient 
and his or her colon graduates in despair and degeneration from 
functional disability to gross organic lesions. We must bear con- 
stantly in mind that the patient cannot be separated from her 
colon, or the emotional state from the somatic symptom. 

It will be useful to introduce another analogy at this stage. When 
faced with a case of sexual impotence or ejaculatio precox, ire do 
not rush at the patient with a urethroscope to examine the I’eru- 
montanum or inject his vesciculfc seminales with lipiodol.^ There 
is, of course, a type of mind which holds that seeing is belie\dng 
and such procedures are still carried out in certain quarters. But 
most of us here I think would begin bj' attempting to assess the 
patient’s attitude to sexual function as a more useful approach to 
the problem. In like manner I rvould suggest that in dealing with 
a patient reporting sjTnptoms of dysfunction of the colon the case 
investigation is incomplete if the physician has failed to ascertain 
the patient’s attitude to bowel function. The objective physician 
may smile at this invitation to the patient to give free rein to his 
fancies, but I do maintain that useful information is lost by not 
taking advantage of this subjective approach. For such an attitude 
does exist, of course, and one has only to read the ad\'ertisenients 
in the daily press or even the reputable scientific journals to realize 
that some of the manufacturers of laxatives anil aperients deh ler- 

ately cultivate this attitude of mind. . 

You must have noticed the general tendency in these advertise- 
ments to project on to the large bowel the ideas of impurity, ot bai 
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habits, of sluggishness. As children our “nannies” used to tell us 
when we were in sulky moods that there was a little black man on 
our shoulders. Now the aperient mongers try to convince us that 
all our depressions, lassitudes, lazinesses are due to the big black 
tube inside us. But as we agree that regression may play a big 
part in determining the nature of our illnesses, it may be useful for 
a few minutes to analj’'ze the way in which we are instructed to 
regard bowel function. I do not propose to be subtle, or Freudian, 
about this, or to talk about anal erotism, but rather to present to 
the actual sequence of events. 

The first impression, I suppose, of a breast-fed baby after an 
action of the bowels is that he feels very uncomfortable. _ He calls 
for assistance — his cries are generally effective and bring his mother 
or nurse on the scene. And so we have defecation — discomfort 
call for help— mother. And I think there is some evidence that, 
like Pawlow’s dogs, who salivated at the sight of food when the 
bell was ringing, and later were conditioned to the bell, so, in some 
infants, at any rate, an association is established, making defecation 
a call for help or attention. 

The other conditioned reflex which may be established in infancy 
is the emptying of the bowel which takes place when the infant is 
frightened. One pediatrician claims that a great deal of the diar- 
rhea in children’s wards in hospital is not infective at all, but is a 
fear reaction, due to frequent handling by strangers. He claims 
that the small infant, handled by a probationer rather than its 
mother, and constantly disturbed with unfamiliar rites, such as 
temperature-taking and physicians’ examinations, is lilcely to empty 
its bowels frequently, and such diarrhea can be eliminated by a 
picked staff of nurses infrequently changed wdio, handle the infants 
carefully and economically. 

The next psychologic factor in the development of bowel function 
is that invoked in the training of the infant to a regular reflex. This 
is practically the first demand made by Society— through the 
mother or nurse on the infant. The child soon learns that if it 
delivers the goods it receives encouragement— that if it fails to 
respond, displeasure, even annoyance may be exliibited by its 
guardian. And so it finds that by its bowel function it can provoke 
varying emotions from its personal environment. 

It has discovered a new channel for exercising power. Quite 
apart from question of diet, many cases of constipation in children 
over G months old exliibit this factor of purpose. The infant can 
realize its power of attracting attention by refusing to comply with 
the demands of Society. And some of the cases of incontinence of 
feces are the end result of this particular practice. 

Case Reporte. Case 1. — A bright child, aged 3 j'ears, was the younger 
sister of an epileptic boy ■whose mother was devoted to him and spent all 
lier time and care on the boy, rather to the neglect of the daughter. The 
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daughter’s response to this situation was constipation which had the desired 
effect of focusing the mother’s anxious attention on her. The defecation 
stimulus was neglected to such a degree that it was only by voluntarj^ 
effort that the stool was retained. But when the child’s attention was 
diverted at play, a stool was often involuntarily passed, whereupon she 
would burst into tears of rage and vexation. Here the rectum, under the 
influence of emotion, is being trained, as Schilder^® would say, in a patho- 
logic direction. 

And this brings us to the point wdiere moral factors are intro- 
duced. The baby is told she is a good girl when she obliges with a 
stool at the correct time, and not uncommonly that she is “bad” 
when the pot is found to be empty. 

It is, to say the least, significant that the first notions of goodness 
and badness, or good and evil, are associated in the child’s mind 
with the production of a stool. That this association does persist 
into adult life is quite evident to me. Numbers of patients come to 
me because of alleged constipation. Often, as Hardy® points out, 
Roentgen ray examination reveals an accelerated passage of barium 
through the bowml in a patient who has been taking purgatives 
daily for relief. 


Case 2.— A married woman, aged 43, complained of constipation. She 
was brought up by a very strict mother who incidentally was not so strict 
with a younger sister, and was “her father’s girl.” (She says her father 
was constipated.) As a baby she had colic and screaming attacks, and was 
constipated when at school, at the factory, and since marriage . Her mother 
gave her senna and castor oil regularly. Her happiest time was at the 
factory, but before she was 19 she was kept at home by her parents, as her 
mother was pregnant with her youngest sister and the patient had all the 


nursmg to do. . . r n i 

She married 10 years later, but not happily. A miscarriage fouowea 
after 3 years, and since that date no pregnancy has occurred. Last year 
she went back to live ndth her parents. She still feels her 3 'oungest sister 
is the favorite. She complained of many abdominal discomforts winch 
she rationalized as due to the “constipation;” but a barium meal showed 
that the meal was hxrrried out of the stomach and was m the rectum m 
less than 6 hours. I feel that the imagined constipation m tius case was 
a protest against the strict mother’s favoritism. x* „ A_ 

Case 3. — Another conscientious clerk consulted me . P , 

which he had taken purgatives for years, and prescribed for humeil a m ^ 
which dro^'e his wife almost distracted (surely a purpose there). He 
outraged w'hen I suggested to him that he leave off bis aperients, 
could hardly have been more shocked if I had recommended him to 
extramarital intercourse. It was quite obviously a Tdostion 

him and Hs rather rigid mind had grovm up to tlimk that it was 
be constipated and he disapproved strongly of my advice t®, , 

that good might come. Such people are Hke those Pharisees u« Jr- 

standing, who still believe the tradition of the Eldem. Per them the t . 



I reply by telling them of the patient I had m hospital. ,„;xx„ 

Case 4.— The patient was a case of anorexia nervosa, and x i 

food intake was small. Aperients and enemata.I considered 
and, as she was under observation in hospital, I allowed her to go lb cl . 
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mthout a stool. During that time she had no headache or marked disten- 
tion, and on the 17th day had a natural action and followed tins up by 
estabhshing a rhythm of natural defecation every third day. Roentgen 
rays showed that she was not a case of Hirchsprung’s disease. 


While in some cases the trouble originates in the child demanding 
more attention from the parent, in others it is the parent who is 
responsible for determining an emotional association. Over and 
over again we all hear in the outpatient departments. Do you 
have to give the child opening medicine?” “Oh, yes, I give him 
syrup of figs every Saturday.” “Wliy? Does the child miss an 
action of the bowels on Friday?” “Oh, no. Sir, but I thought I 
ought to.” Here again we have this notion of right and wrong; 
this time in the parents’ mind. It would be wrong to let our Ernest 
get constipated, and so Ernest after suffering the weekly ablutions 
externally, also suffers internal pangs of purification on Saturday 
night, and thus is brought up to believe qu’il faut souffrir -pour Mre 
pur. A weekly punishment is inexorably demanded, and he can 
only avoid this by diarrhea. 

This fuss and bother about constipation as if it were a crime is 
well illustrated by the following case; 


Case 5.— Two years ago a mother brought her daughter, aged 18, to my 
outpatient department for the most obstinate constipation. The girl 
looked pale and atonic and complained of backache, which she stated was 
worse after stool (a protest against defecation?) . A skiagram of the lumbar 
spine and pelvis was negative. Rectal examination was negative. The 
mother told me that she herself had phthisis and could do no housework, 
so that her daughter looked after the household, of father, invalid mother, 
4 brothers and a yoimger sister. The mother was evidently very obsessed 
about the constipation, and the girl told me subsequently that the whole 
family were concerned over the action of her bowels, and that it was a 
matter of diurnal inquiry by each and every member of the household. 
When she came to see me, she had already lost her appendix at 15 and her 
coccjTC at 16 in the quest of a cure. Ikom the bullying manner of her 
mother, who now demanded a colectomy, I strongly suspect the wretched 
family physician had arranged these previous operations in self-defense. 
The girl, of course, had not improved as a result of these mutilations. Her 
mother told me that her daughter was not inclined to go outdoors, had no 
interest in boys and her sole amusement was in the activities of the local 
parish church. Her mother said she was good tempered, and did not 
grumble. I thought her sullen. Roentgen rays showed normal progress 
until the colon was reached; then some delay; a partial evacuation at 
72 hours and great distention of the rectum with final evacuation after" 
110 hours. The descending colon showed excessive haustration. I think 
this girl had certainly acquiesced, with the domineering diagnosis, just as 
she had^ accepted vithout enthusiasm the role of household drudge. Her 
interesting complaint which defied all doctors served as an introduction to 
various hospitals, where she lay uncomplaining for a few weeks each year 
while her malady was investigated. 

_ I learned recently that this struggle had a further sequel. The mother, 
insisting that this constipation must be cured, persuaded a fresh surgeon 
to do a sjTupathectomy. The daughter, passively resisting, “I won’t be 
cured, surwed the sjunpathectomy vithout.any alteration to the con- 
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stipation much to the surgeon’s chagrin, and the mother,- wlio still refused 
to acknowledge defeat, roundl}’’ abused the surgeon for his unsatisfactory 
intervention. 


It is not difficult to foresee the organic end result in this case. 
I beliei'e this patient with her enormous dilated rectum, which 
practically fills the pelvis, will ultimately develop into one of those 
cases of dolicho colon, and each loop will make the mass reflex more 
difficult. The bowel will become more overloaded. Fresh flexures 
will develop until the picture of redundant colon is fully developed. 

This curious childish submission to the maternal diagnosis was 
again illustrated in another case of “ colitis.” The last patient had 
not become adult enough to be interested, or at my rate to admit 
her interest, in boj's. 


Case 6.— This patient, a woman aged 33, had got as far as getting engaged. 
She had, however engaged herself to a fiance of whom her widowed mother 
and army brother most strongly disapproved. In fact, the patient must 
have had some doubts herself, for ever}’' time he came to visit her, even 
when she was away from the family at a convalescent home, she felt “sick” 
and she passed loose motions. 

She had been sent into my ward nith a diagnosis of tuberculous periton- 
itis, winch had been hailed wth satisfaction b}^ her brother, who, op learning 
the diagnosis, told the 5ancS that his sister would be an invalid for the 
rest of her life, and the engagement must be broken off. Her earlj’’ history 
was that she had always got on better with her father than her mothep 
Her father died of a duodenal ulcer when she was 14. She said that hit 
her ver}’' hard. Her mother was very affectionate and demonstrative, but 
there was always friction at any manifestation of her daughter’s indepen- 
dence; she would not admit that either daughter or son had grown up. 

she w'as 20 bet mother’s nerves became very bad. The patient 
woke up one night with abdominal pain and vomiting. Appendicitis was 
diagnosed. The mother and family doctor were nervous and wanted to be 
on the safe side, so she was sent away for a seaside holiday. 

She improved until the day after her return to home, when she naa 
another attack of pain. Tlie appendix w’as removed, but the incision took 
a long time to heal up; there was no sepsis. The skin flaps failed to 
For the next 2 years she w’as treated as an invalid, and it was only at tn 
age of 24 that she began a belated training as a teacher. She met her nanc , 
a worthy but impecunious young man, when she w'as 32 , and became 
engaged almost at once, but put off announcing the dread tact to e 
family for 6 months. Then the storm broke. The brother, an olncer 
a famous regiment, was liorrified; he claimed he should have knowm abo 
it before, and in his best parade ground manner told his would-be brot le - 
in-law that he w'as a cad. Her mother insisted that if she persiste 
marrying this man the family w’ould have to keep him. 

Tw'o months of these famil}’^ row’s had their effect, and one mormng m} 
patient fainted in her bath. She was put to bed, and when sl^ 
again she noticed a dragging pain at the appendicectomy scar, pjacn } 
for a week she rose from her bed and promptly subsided in a faint, 
family doctor was called in. Roentgen rays were adnsed. , 

glands were found in the abdomen. A 4-liourIy temperature chart sim \ 
some fever, and there was the diagnosis of tuberculous peritonitis. , 
found that mental e.\'citement had always sent her temperature up 
brought on loose actions of the bowels ever since she ivas a ijttie P • 
When she was sent to my w’ards she had accepted the role of the incura 



BOmiAN; THE PSYCHOLOGIC BACKGROUND OF COLITIS 541 

invalid, and was quite upset when I questioned the diagnosis. For that 
involved taldng up the struggle again, coping with disappoving mother 
and brother and marrying her fiance. But I was able to demonstrate her 
flight into illness to her satisfaction, and I was pleased, a year later, to 
receive a grateful letter of thanks, stating that she was happily married. 

I have another example of a widow— only daughter situation. 

Case 7.— This was a girl, aged 20. Her father had died when she was 5. 
She was the middle child, the other 2 cliildren being brothers. She had 
always suffered from stomachache when frightened. Apart from her 
bereavement, she had experienced an uneventful childhood. She took a 
little time to settle down at school under a strict headmistress, and became 
a typist at 16. She dropped athletics on leaving school. She would have 
hked to play tennis, but could not afford it. She found officework uncon- 
genial and grumbled at having to earn her liidng. On her hohdays she 
stayed at home reading a book. She had very few friends, girls or boj''s. 
When she was 19 she had some hemorrhage from_ the rectum, and was 
treated for hemorrhoids. Later she suffered abdominal pain and began to 
pass mucus. After 2 mouths in bed, she was admitted to one of the teaching 
hospitals and sigmoidoscoped. Nothing was found except a mucous mem- 
brane studded with small bleeding points. She recovered after a seaside 
holiday, and went back to work for 9 months, and then relapsed. 

After another 2 months of passing blood and mucus, she was admitted 
to my wards. I found her vety controlled and unemotional. She was not 
in the least worried about her illness, and stoically put up with the abdom- 
inal pain, behaving like a well-brought-up child. I could not elicit any 
admission of worry or distress. She owned she was bored with her job 
and the family poverty. A skiagram showed complete loss of haustration 
of the colon. Not a single sacculation was to be seen from end to end. 
After six weeks in hospital she improved very considerably, and some days 
passed udthout any discharge from the rectum. 

Rather signiflcantly, on learning that she was to be discharged, the stools 
rather rapidly increased again. 

This girl had been brought up in a fatherless household, by a 
woman of considerable personality. Although very attractive in a 
rather babyish way, she was significantly lacking in the natural 
interests of youth. She had made no effort to cope with sex, or 
society, and had retreated from the problem of earning a living. 
The increase of diarrhea before leaving seemed to hint at a reluctance 
to return to the rather overpowering influence of her strong-minded 
mother. 

Case S.— My next patient had gone rather farther than the last case, 
for not only had she found a boy friend, but she had permitted matters to 
progress so far that she had become a mother. This was unfortunate, as 
she had dispensed with the preliminary legal formalities. However, she 
uas carrjang on the family tradition, as she had been brought up in an 
institution for foundlings, and had never known her mother. Not very 
intelligent, she had not recognized her condition for some months, but 
soon after discovering what was the matter she began to pass blood and 
niucus per rectum. No characteristic organisms were recovered and she 
vas admitted to hospital; the “colitis” cleared up after parturition. I was 
.allowed to investigate her case historj' by the courtesy of Dr. Pliillips, of 
the oouthmead Municipal Hospital. She was suspicious and I was unable 
to mn her confidence, so that I was unable to discover much about her early 
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background, except that life in the institution had been pretty grim. As 
the “colitis” persisted after admission, I think the possibility of the self- 
administration of abortifacients can be excluded. 

I have another case of “colitis” in pregnancy in my hospital 
file: 


Case 9. — A married woman, aged 23, a small, fluffy blonde, whom 
newspaper reporters could hardly avoid describing as a girl bride. She 
wp the ymmgest of 7 children. Her father died when she was 13. Another 
widowed mother. _Her mother, she remembered, use to dose her with 
syrup of figs as a child. On. leaving school she became a maid at a boarding 
house and married the visiting milkman at 19. They lived at first in rooms 
near her mother, but 2 years later the milkman bettered himself and installed 
his wife in a brand new Council house in a garden' suburb some miles away 
from his mother-in-law. Within a few months of the separation my patient 
developed pain, sickness and diarrhea. This illness invalided her for 
9 months, and had the much desired result of bringing her mother to the 
rescue, ostensibly to do the housekeeping. She recovered, and all went 
smoothly for 9 months. Then a relapse set in. She was admitted to my 
ward 2 months later, and I found on examination that she was 3 months 
pregnant. I also discovered that she had not told her husband or her 
mother of the amenorrhea; further, that she was scared stiff about the 
pregnancy, having heard some reahstic descriptions of labor from her 
yoimg married acquaintance. She began to improve after reassurance, 
but unfortunately I dieted her rather strictly, as vegetables and fruit 
mcreased the secretion of mucus. She developed a pellagra-like condition, 
■with pigmentation, pustular rash, stomatitis and paresthesias. WaUwork, 
in a discussion at the Cabot Clinic, described a similar sequel during the 
treatment of a case of ulcerative colitis. She could not tolerate bemax or 
mannite, and before I could give her more than one dose of liver as a source 
of vitamin B she aborted. After the naiscarriage she rapidly improved. 


And now I want to describe another type of case which I think 
of as the “rolling stone.” More accurately, I am thinking of the 
middle-aged spinster who has never been trained to earn her living, 
and who, as Barber said of a case of mucous colitis, “remained at 
home a failure.” 

Case 10. — One example I dealt with recently was a lady, aged 57. Since 
the age of 17 she had alwaj^s been subject to “attacks” of diarrhea when 
she was preparing for any special occasion. She started work as a milliner. 
She had to take it up, she said, but she loathed it, and at the end of ^ 3'?^? 
she developed “colitis” and retired from the commercial stmggle. ^ight 
years later she was still hoping for a cure, and underwent a curettage, 
believing she would get some relief. Two years later she was admittea to 
a London hospital for observation and was discharged mth the mlormation 
that her case was incurable. Ha^^ng no means of her onm, and 4 brotners, 
aU married with young families to support, she attached herself to a wealtny 
but delicate cousin as a companion, and for 20 years she mamtainecl a roo 
oyer her head by adapting herself to the whims of a semi-mvahcl. ims 
tjnannical old lad}"^ did not permit her companion to leave her even wlien 
her mother was seriously ill, but graciously extended her a day s leave to 

go up for the funeral. , r, i tor 

Even this bereavement did not provoke a diarrhea, but 9 montns la e 
the rich employer had to enter a nursing home for a serious operation. 
The prognosis of the surgeon was very grave, and so my patient 
last brought face to face with the precariqus reality of her existence ana 
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suddenly collapsed with siclcness and diarrhea. Wlien admitted, her chief 
phobia was that the other patients in the ward were going to die, an obvious 
projection of'her terror that her protector was about to perish. She told 
me that she felt ahandoned, that she had no claim on an^ybody. She made 
little improvement until the news came that her cousin had sumved^ the 
operation, had sold her house, and was going to live abroad, and her services, 
such as they were, would no longer be needed. Her last hope gone, my 
patient found that when the worst came to the worst, she could face it, 
and 2 days later she discharged herself, much improved and ready to tackle 
the world. 

Case 11.— Another patient, aged 66, was the middle child in a family of 5. 
Always delicate, she never ran about like other children, and was allowed 
special delicacies on account of her weak stomach. _ At the age of 17 she 
developed “cohtis” while she was waiting for admission for an operation 
for strabismus, and passed blood and mucus. She was trained for book- 
keeping, but she did not Uke it, and at the end of 5 j'-ears gave it up on the 
pretext that she had to prepare for her marriage wliich took place a year 
later. After being married for 20 years her husband left her. Her younger 
daughter departed to keep house for her father, her elder daughter was 
married by this time and Ihdng in Singapore. Once more she was alone 
in the great big world; and so she settled down for the next 16 years to a 
hfe in London bed-sitting-room, doing unskilled nursing. She gave up this 
hand-to-mouth existence 4 years ago to come to Bristol to nurse a dying 
sister. The sister died after 9 weeks and for the next 4 years the patient 
continued to bolt in and out of boarding houses and convalescent homes 
wangled from her panel doctors. Having left the metropolitan scene of 
her labors, she lost her connection, and there was no demand for her services 
as unskilled nurse in a strange city, and finally when she was sent to me, 
she had come to the end of her money and resources. She had stayed with 
aU her friends, been to 3 convalescent homes in as many months, and now 
the "colitis” had begun again. On admission she was Roentgen rayed; 
the barium meal reached the cecum in good time, but did not progress 
further than the ascending colon for 48 hours and reached the transverse 
colon in 96. There was no ptosis but a httle diverticuhtis. She subse- 
quently surmved 10 days without an action of the bowels, vnthout rise of 
temperature or discomfort. With a technique borne of years of practice 
she mobilized the good ^Yill of the ahnoner and on discharge had found herself - 
yet another temporary perch. 

My last case is another example of the wddowed mother-daughter 
situation: 

Case 12.-— The patient was the youngest of a family of 3 girls. The 
father had died when she was young. This girl was the brains of the family, 
who saw to it that these were duly exploited. As a librarian, she kept the 
rest of the family, and was expected, after long hours, to come home and 
do the greater part of the housework. The mother was perfectly healthy, 
but the most selfish woman I have ever heard of. I learned notliing of tlois 
Horn the patient, but from her doctor. Por 10 years she was the family 
Cinderella. Then she developed appendicitis, and was operated upon for 
a performed appendix. Once the treadmill of service ceased to revolve, 
it was dilficiilt to start again. The patient made a slow recovery, keeping 
to her bed for 5 months. She was never able to resume her work, but 
stayed at home to ^ten to the interminable regrets of her mother for the 
days when the famil}’’ were better off on her salarj’’. The family, anxious 
to conserve the source of the golden eggs, sent her to this doctor and that 
in a hope of getting her back to work again, and eventuallj^ an enthusiastic 
surgeon discovered an alleged septic focus in her tonsils and these were 
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removed. But their hopes were dashed; she developed “colitis.” Roent- 
gen rays showed ulceration of the colon; the stools a non-lactose fermenter, 
and in 8 months she slowly slipped down hili^ in spite of blood transfusions, 
and died. Her mother characteristically kept away from her deathbed, 
as she found these scenes so "trying.” 

I have tried to convey to you this short series of cases the psy- 
chologic background of "" colitis,” as I have seen it. The President® 
has already described a case in his paper and C. D. Murray," in 
America, has also published a short article on this question. 

I think we can claim that many of these cases begin as an altera- 
tion in function of the vegetative nervous system, which selects the 
colon as the battlefield on w'hich the emotional conflict is fought 
out. As 1 patient of Bockus" said; “The amount of mucus in 
my bowel is a barometer of my nervous state.” I have never 
been able to satisfy myself in my own cases that there was any 
organ inferiority in bowels. Many of my patients had a normal 
bowel without ptosis or kinks, or redundant folds. 

Perhaps it is as Larionov, the Russian artist, said of some 
paintings produced by artists wdien serving their term of conscription 
in the army, “an art of the watercloset,” the onl}- place where a 
soldier could express himself. 

I do believe that it is not so much an anatomic organ inferiority 
in question, but an inferiority of organ function that matters, and 
that the seeds of “colitis” are probably sown by the strict mother 
who trains her small child to habits of cleanliness with too much 
severity, impressing on the child how inferior it is not to be able to 
regulate its bowel function better. 

It is remarkable how so often in these cases the dominant mother 
has cropped up— particularly the w'ido-w, who in the absence of the 
father has a reinforced authority. On the part of the patient there 
seems to be a remarkably childish outlook, a submission to the 
wishes of her parents, a lack of initiative in tackling the problem of 
earning a living; notice how many of the patients disliked their 
occupations, and were relieved to escape them^ by colitis. _Ot the 
young unmarried patients, 2 had no interest in the opposite sex, 
the third had become engaged to a man slie must have known the 
rest of the family would disapprove of. 

I have described no men in my series, but Murray had 7 reports 
in this paper of men ivho were all tied to their mothers. Thougli 
they “felt cramped,” they hadn’t got the guts to look for a mate. 

This was the situation of my older patient, who rather than forge 
out a career had contented herself with a life of humiliating siih- 
servience as a dependent on a mother substitute. 

I believe that “colitis” is often the somatic expression oj the 
emotional conflict between the reality, “You must grow up, aiK 
the phantasy, “I want to retain my childish dependence on lu} 
mother.” 



DllAPEK*. THE COMMON DENOMINATOR OF DISEASE 


545 


The beginning of “colitis” is a “psychogenic mucorrhea/’i^ 
determined by an “overdependence on the parental love and 
shelter”!^ and often aggravated by the death of the father. 
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THE COMMON DENOMINATOR OF DISEASE.* 

By George Draper, M.D., 

NEW YORK CITY. 

(From the College of Physicians and Surgeons, Columbia University, and the 
Presbyterian Hospital.) 

The common denominator of all human diseases is a variant 
represented by the individual person within the patient. The factor 
which, is generally designated “etiologic agent,” also a variable, 
might then be ^^ewed as the numerator. From this standpoint 
there can be no doubt that physicochemical energy represented, for 
example, by the actii'ity of the meningococcus alone is not men- 
ingitis, nor is the effect of the metal lead sc equivalent to anemia 
and colic. The principle, likewise, holds for energy expressed in 
terms of emotion which, at present, is classed in the world of impon- 
derables. Consequently, it may fairly be said that the result of 

frcsonted at the meeting of the Association of American Physicians at Atlantic 
City, May <, 1935. 
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fear alone is neither hyperthyroidism nor peptic ulcer. As a corol- 
lary to this proposition, one may state that the coordinates, men- 
ingococcus, lead and fear, are not the cause but rather part causes, 
respectively, of meningitis, plumbism and peptic ulcer. For the 
incidence, intensity and variation in the clinical picture of these 
three pathologic reactions is determined in large, yet ever-changing, 
measure by the other necessary factor, namely, the essential quality 
of the' affected individual. 

If Ave accept this ancient thesis, then, as physicians we are obli- 
gated to inquire into the nature of the man as precisely as we now 
do into the destructive agents which beset him. In the past this 
was done by the best clinicians in purely empirical fashion. The 
great doctors of earlier days had an uncanny "feeling^’ for the man 
within the patient, an intuitive perception of his special nature. 
But this sixth medical sense has been well nigh impossible to trans- 
mit to students, nor could it be crystallized in any sort of valid 
formula. Consequently, coincident with the effort in recent years 
to establish truth by mathematics, it has been to some extent 
neglected. 

Now there are two important questions which at present confront 
clinical medicine, namely: Whether or not the doctor’s under-' 
standing of the human animal as a total living organism is adequate; 
and Avhether or not this knoivledge, so necessary to the clinician, 
can be moved from the sphere of empiricism to that of science. 

At the Constitution Clinic in the Presbjfferian Hospital we have 
approached these questions from the point of view vdiich organ- 
ismal biologists entertain toward any living creature, be it aineba, 
sea anemone or the larvae of amblystoma. The work of the earlier 
medical natural historians, Hippocrates,^ Aristotle,- LinnEcus,^ and 
that of the later group, Jacques Loeb,'* Ritter,® Conklin,® Morgan,' 
Vogt,® Spemann,® Coghill,'® and Cannon,” has pointed the ivay. 

(1) They have queried, What is the creature’s appearance, and 

(2) How does it behave? 

But to be a student simply of the person ivithin the patient is 
always a difficult task for the physicians and sometimes an impos- 
sible one. VTen an acutely ill man appeals for relief, swift exam- 
ination of the nature of the malady and prompt treatment is the 
first obligation. Furthermore, the symptoms and signs of the 
pathological process strike so forcibly upon the senses that thej 
obscure the individual behind them. It is likewise in general true, 
except perhaps in the sphere of infection, that as somatic change 
waxes with chroiiicity, tests by physical and chemical methods 
become increasingly spectacular. Such hazards to direct observa- 
tion of the person which lie in the clinician’s path, however, do not 
exist, as Macivenzie” pointed out, to the same degree wlien the sick 
man is seen at the very start of Ins malady. At such a time the 
so-called “ravages of disease” have not yet distorted tlie appear- 
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ance and conduct of the human organism’s “total personality. 
The physician may still view him as an organismal entity. Yet 
even the destructive influence of prolonged illness never ^ quite 
obliterates the strange quality or flavor of the man within the 
patient. This personal speciflcity is highly durable and to the end 
stubbornly resists destruction. It is illustrated, for example, by 
the discovery that grafted tissues never lose their speciflcity; or by 
Wheeler’s^^ observation, that ants, enclosed in amber from an epoch 
2,000,000 years in the past can be identifled with forms which 
crawl today. 

The principle also appears in history in the persistence of the 
Hapsburg lip and the Bach family’s musical gift. In the clinic or 
general practice, physicians are familiar with the persistence of the 
original personality. One has only to remind the reader of the 
tall slender youth, with dark coloring and silent aloof demeanor 
who does not mix well with his fellows at school. Some j'ears 
later the shadow of that boy may be glimpsed in the sullen paranoid 
or rigid close-bent catatonic schizophrenic. 

In the sphere of so-called bodily disease a similar picture might 
be drawn of the large, deep-chested, heavy youth, with very broad, 
short face, whose blue eyes are set far apart and whose pink cheeks 
and exceptionally fine, silky hair are the joy and pride of his mother. 
Yet his rather neutral, gentle, fireless disposition somewhat dis- 
appoints her. Many years later, she or the old family doctor sees 
the shadow of that florid youth beneath the light, tawny skin, soft, 
flaccid tissues, and pale, lusterless blue eyes df the patient with 
pernicious anemia. 

And so it would seem that as change proceeds in somatic tissues, 
both functional and structural, modification of the animal’s original 
character ensues. Yet no matter how greatly this individuality 
be distorted by advancing disease, its essential quality is never 
obliterated. It seems to be the most tenacious quality of living 
creatures, imperishable in the individual so long as the race survives, 
yet far less well explained than are many of the detailed processes 
which, acting together, subserve the biologic purpose of the living 
organism. In commenting on these matters, Jacques Loeb writes: 
“ The definiteness and constancy of each species must be determined 
by something equally definite and constant in the egg, since in the 
latter the species is already fixed irrevocably.” 

Yet while this species constancy is fixed in the egg, the organism 
reacts quite difterently to external stimuli at different stages of the 
growth and development. These differences seem to depend upon 
the successive addition of parts which are necessary to the finished 
whole. Thus IMurphy^'* showed that foreign tissue was accepted 
by and would grow in the chick embrjm before the twent 2 ,'-first 
daj , when spleen and lymphatic tissue appeared. After that stage, 
evidently related to some change in the whole embryo produced 
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with the addition of lymphatic substance, foreign tissue was rejected. 
The observations of Stockard^® on trout embryo showed that the 
different viscera appeared at definite times in tlie dei^elopmental 
process, each new budding organ holding what he called a “moment 
of supremacy.” But though it would seem from these experiments 
that the parts were in a sense directive of the whole, the more recent 
studies of Coghilh® upon amblystoma embryos indicate the reverse. 
“In like manner,” he writes, “the tissues of the tongue receive 
branches from motor neurones that are engaged in integrating the 
trunk long before the tongue has muscle tissue in it. It is, therefore, 
the potentiality of the functional neurone to grow in embrjmnic 
fashion that gives to the organism as a whole its ability to subjugate 
new parts and thereby maintain its unity during the development of 
behavior. Such growth of the alreadj’’ conduction neurones accom- 
plishes, then, the primary function of the nervous system: the 
maintenance of the integrity of the individual while the behavior 
pattern expands.” 

This statement expresses well the notion that whatever may be 
the purpose behind the “definiteness and constancy of each species,” 
at least it results in the fact that all the processes in the growing 
and developing embryo and young animal move toward the eventual 
production of a finished whole— a complete organism to which each 
part is subservient. For the clinician the organismal concept may 
be more significant than is at present generally accepted. There 
has been so much detailed information about individual organs 
obtained during the past decade by highly specialized methods that 
these have naturally become the focal points of medical interest. 
As I have recently stated: “The difficulty, however, with this 
sort of knowledge of human beings is that the skeleton, the muscles, 
or the organs are only those and quite useless until each and all 
combine and function smoothly together in the service of some 
particular person.”^® 

The student of human constitution, or clinical organismalism, 
would have an easier task if man’s reactions to environment were, 
like those of an ameba or earthworm, limited to ph3’^sical nature. 
So far as we know, the life conduct of those forms expresses simple 
reflex response to direct pln’sical and chemical stimuli. Conse- 
quenth”, the interaction betvmen the living organism and its special 
environment at that level is less difficult to observe and interpret 
than is so in man. • In his case the creature himself is infinitelj' 
complicated and dwells, furthermore, at one and the same time in 
two separate and complete worlds, those of realitj' and phantasj". 
Indeed, it is often impossible to determine which one supplies the 
adverse stimulus, or “external agent” of his illness. It becomes 
necessary', therefore, to investigate the zone wherein the human 
organism’s envelope, physical and psychologic, merges with its 
special environment. Such inquiries should properlj' co\'er ever} 
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stage of the individual’s growth and development and include each 
detail of conscious memory and as much of the hidden content of 
the subconscious as can be retrieved by adequate psychologic 
technique. Thus it is apparent that the study of the man within 
the patient actually becomes the study of the “man-environment 
unit.” Fig. 1 presents the idea in diagrammatic form. 



^ T-he main problem, however, which confronts the clinical organ- 
isma ist, or student of human constitution in relation to disease, is 
to le able to evaluate correctly the man or woman whose disease 
he IS called upon to cure. For the moment let us fix our attention 
upon the man himself as a specific part cause of his own malady. 
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Like every li\5ng organism there are two phases of his being to 
be considered. The first of these is his form and size^ which are 
the end results of growth and development. These in turn rest 
upon inherited and conditioning influences. The bones, joints and 
skeletal muscles combine to enable the animal to negotiate success- 
fully, under the direction of the psychophysiologic command, such 
time-space relationships as are necessary to its wellbeing; Second, 
we have to investigate that far more complex and obscure combi- 
nation of viscera which control the inner life of existence and pro- 
creation. The main elements in this extraordinary phase of the 
human being can be designated as cortex, thalamus and hypothala- 
mus, autonomic nervous system, endocrine glands and smooth 
muscles. Tins complicated system wall hereafter be referred to as 
the corticothalamus mechanism. These are the physical, structural 
units, but there is still another factor which is difficult to place, 
yet which seems to direct the Avhole— namely, emotion. The scope 
and purpose of this communication, however, does not permit full 
discussion of the psychology of emotion. But because the matter 
is one of such great significance in the problems of internal medicine, 
and especially because the quality and intensity of emotion and 
its effects upon phj'siologic processes is so specific and variable 
among human beings, it is necessary to deal with it as an essential 
element of the total organism. 

For a good many years the theories of emotion advanced by 
James and Lange^^ were accepted as final. They were so nearly 
alike that their tenets have usually been spoken of together, as the 
James-Lange theory. As Cannon states briefly: “These observers 
believed that the chief point of the felt emotion depended on the 
visceral and organic part of the expression.” But with new methods 
to assist him, together wdth supporting observations from the 
surgical findings of Cushing,'® W. B. Cannon reached a much more 
satisfactory idea of the nature and source of emotion. 

Fig. 2 shows in diagrammatic form Cannon’s thalamic theory of 
emotion, wdth the addition of a plan to link the mechanism of 
repressed or forgotten memories and symbolic stimuli to the whole. 
This supplement seemed to be desirable from the clinical standpoint 
for thpre can no longer be doubt that the emotional patterns, buried 
deep in the subconscious mind, are capable of producing changes 
in physiologic function. Indeed, even before Freud, there were 
many indications in the literature from earliest folklore to the 
writings of Schopenhauer and of Nietzsche that men recognized 
this fact. And so it seems probable that by lifting the thalamus into 
the surprising position it now holds in the apparatus of emotion, 
Cannon has gone far to unite the work of internist and psychiatrist. 

If we now turn to the problem of applying the organisraal point 
of %'iew to the clinic we are immediately faced, as in all other scien- 
tific re.search, with the question of methods. In general, these fall 
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into two classes: (1) Those w^hich are applicable to the body 
structure, or architecture; (2) those which relate, to organic function 
and conduct of the individual as a whole. Direct observation by 
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inspection is still perhaps the most valuable means of studjdng the 
inorphologj'. Anthropometry, which we have used greatly in the 
past, probably does not contribute as much as one would demand 
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from a precise method. It is helpful but does not supply as mucli 
information as can be gained from the non-measurable characteris- 
tics. The contours formed by soft tissues (muscle and fat), the 
sliape and position of^ eyes; form, position and quality of teeth; 
texture and color of skin and hair and the latter’s distribution; pig- 
mentation and hyperextensibilitj'' of joints; and, finally, the design 
and size of external genitalia; all these are not measurable characters, 
'yet they usually tell far more about the individual than do measure- 
ments. They are the characters which are so grossly modified in the 
fully developed stages of many well-known endocrinopathies and have 
been successfully used as aids in endocrinologic diagnosis. Indeed, 
the^ slight differences in form, tissue quality, fat distribution, color, 
■which stamp individuality upon a man, may properly be referred to 
a well-recognized endocrinopathj’^ as to a yardstick. 

The first 2 cases to be presented illustrate two phases of the 
morphology problem. In 1 example the presenting malady is 
perhaps chiefly foreordained through some genetic fault in the 
germ plasm. At least no external exciting part cause can be dis- 
covered. In the second, the final pathologic situation results in 
part from the conditioning effects of an infection during the growth 
period of the organism. But the organism exliibited the develop- 
mental fault of crjqitorchidism. 

Case 1.— G. H., a cabinetmaker., male, aged 48, complained of weakness, 
depression, dyspnea on exertion, malaise, numbness of fingers for past 
2 years and some pain and heaviness in frontal^ region. He tells his story 
in a very soft, gentle, though low-pitched, voice. His expression is not 
animated and suggests the unemotional, resigned acceptance of life so 
often seen in gentle, elderly women. Tins look is rendered more poignant 
by the delicate wax-colored skin, which is profusely crinkled by vepr fine 
lines, like crushed tissue paper. There is scant and spottily distributed 
hair on the face, which the patient states he has never needed to shave 
more than twice a week. The teeth are unusually small and there is a 
wide separation between the central incisors. _ _ 

Heavy shoulders and a deep, short chest give a first impression of virility, 
which is supported bj'^ apparently large external genitalia. But the rounded 
contours of the shoulders, trunk, abdomen and hips throw the ernphasis 
more toward a feminine form. Furthermore, though the scrotum is long 
and rather redundant, the testicles are not large and they can be easily 
caused to disappear entirely in the inguinal canal, _ When it is pushed well 
up, the right testis will remain concealed indefinitely until pushed down 

The morphologic picture was one which could be compared v5tli the 
eunuchoid yardstick and represented what may perhaps be called tlie 
neuter, or species, type. Further eiudence of the reduced viriiitj’' was 
the almost complete absence of hair from trunk and extremities. The pubic 
mass was sharply circumscribed. But the patient’s hands struck sharply 
across the otherwise eunuchoidal conformation. They were very 
thick-set and stubbj'’, with large flat nails. The hands alone could be 
compared with the yardstick of acromegal3^ But this was again belied 
by the delicate modelling of nose and chin. Only the separated incisors 

In the functional spliere this patient showed, as Cushing pointed out in 
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1912 that “ In many of the cases in "which hypopitnitarism is the striking 
feature, traces at least of an early tendency to hyperpituitarism can be 
detected.” This man in early manhood wa^s exceptionally powerful and 
excelled his fellows in feats of strength (see Cushing, Case 1). In the 
psychosexual field, likewise, tliis patients history revealed a double fluctua- 
tion. Thus in his earlier years his libido was laggard, for 2 years after 
marriage it became exceedingly active, then waned slowly, until 18 months 
ago, when it disappeared entirely. 

On the basis of the total personality, some maladjustment between 
pituitary and gonad was suspected, and because of the hand conformation 
and the teeth, attention was chiefly dmvn to the pituitary. A radiograph 
of the skull revealed a large tumor winch had nearly destroyed the posterior 
portion of the seUa. There were no neighborhood symptoms. 

The detailed description of the personality has not been given to demon- 
strate the effect on symptoms and signs of the tumor’s presence, but rather 
to promote the notion that the man’s constitution is a coordinate of the 
tumor. This total organism was destined to be unsuccessful. From the 
start the forces which determined its somatic and psychic characters invited 
the tumor ; they did not result from it. The tumor in that sense inevitably 
becomes part of an ori^ally faulty Avhole. One might almost say, “The 
man is in part the tumor,” instead of the customary, “tliis man has a 
tumor.” 

Case 2. — This patient (reported previously as Case 3, p. 123, Disease and 
the Man, 1930) falls in a category somewhat similar to the first. From the 
organismal standpoint there were two significant aspects of this man’s 
totel personality. (1) As a member of a large clan W'hich showed a strong 
factor for shortness, he became an outstanding variant in the matter of 
length growth. (2) The quality of his personality and whole life adjust- 
ment were profoundly modified from the expected family pattern by the 
developmental fault— unilateral cryptorchidism— on the one hand, and the 
special conditioning accident of unilateral castration by mumps on the 
other. 


The preceding 2 cases were presented to illustrate the importance 
to clinical medicine of direct observation of the structural plan of 
a given human being. The folloAving case is offered in demonstra- 
tion of the difficulties and possibilities of approach to the functional 
plan of a given individual. It is in this sphere that synthesis of 
existing knowledge of autonomic nervous system, endocrinology, 
Cannon’s thalamic theory of emotion and psychoanalysis are of 
first importance. 


Case 3.— An American of Scotch origin, aged 36, a professor, married 
and has 2 children, girl and boy. He is 6 feet tall, slender, well coordinated 
and moves mth swift easy stride and gesture. His hair is tawny, the skin 
white, dehcate and freckled. His vivid blue-green eyes convey the notes 
01 curiosity, comprehension, fear, cruelty and merriment. 

The zygomatic facial zone is broad, interpupillarj^ space 64 mm. (above 
^^erage of 60 to 61); the cheek zone tapers sharply to a pointed chin. 
1 le nose is narrow and acute. The thin compressed lips form a mouth 
line which IS straight and severe. _ Thus the face is a clear portent of the 
pattern of liis psychic panel: high intellect, unyielding determination, 
ex raordinap' .«emitivene.ss, fine feeling and subtle humor. The pace and 
teipion of tlie entire organism is extreme. 

Routine physical examination at the first visit, 7 years ago, disclosed 
no pathologic shaictural changes. The heart rate, surprisingb’- for so tense 
a person, was 66 even under examination. The blood pressure was 120/80. 
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There are 3 major s:^ptom_ phases in his patient's recent medical history, 
ihey involve 3 so-called mam systems of the total organism— digestive 
circulate^, ideational. Since March, 1927, when he first .sought relie/ 
the emphasis upon symptoms in each system has had a certain chronologic 
sequence. But in the entire life story, from the first there appear evidences 
of disturbance now in 1, now in another of the 3. 

1. Digestive Phase. At the first visit, in March, 1927, the patient told 
of 3 similar attacks of terrific abdominal pain, which doubled him up- 
lasted 12 to 30 hours and left him completely prostrated. As the pain 
abated he would fall asleep, then awaken suddenly feeling weak and raven- 
ously hungry. A curious and, as it later turned out, most important 
feature of the hunger was a specific craving for baked beans. 

The 4 diagnoses which had been made were: gall stones, perforated 
peptic ulcer, acute pancreatitis and kidney stone. Physicians who exam- 
ined him during the attack found no point of especial tenderness but a 
board-like abdominal wall. In 1 instance preparations for immediate 
laparotomy were made. The patient objected and instead was given 
morphin. 


Careful questioning revealed that in one instance, for some reason quite 
unknown to his conscious thinking, he had eagerly read in the newspapers 
every detail of the last illness of the moving-picture actor, Rudolph Valen- 
tino. Two to 3 hours after hearing of Valentino’s death the severe attack 


of pain began. FoUondng the lead of this association, the patient remem- 
bered that each one of the other attacks had followed upon hearing or 
reading of a person who had died of appendicitis or acute general peritonitis. 
This discovery ledj in turn, to the memory of his terror on hearing, at the 
age of 10, how a friend of his father’s died in agony of that disease. From 
that recollection his thought moved rapidly backward in time to his own 
nearly fatal illness, cholera infantum, at the age of 2§-. This experience 
had often been recounted to him by his mother, who clung tenaciously to 
each gruesome detail— how he had writhed in pain, how terrifically his 
bowels had moved, how she had massaged his tiny, shrunken limbs back 
to life and how, finally, when he was permitted the first solid food she had 
given him baked beans which he had ravenously devoured. 

For brevity’s sake, report of the routine medical tests, which were all 
negative, will be omitted. The beha\dor of the stomach, however, is of 
interest. Following a bismuth draught the stomach was observed first 
at rest as the fluid entered and then under massage. When this mechani- 


cally provoked peristalsis had subsided and the stomach was again quies- 
cent, I leaned donm in the dark and whispered in the patient’s ear the 
words, “Rudolph Valentino died of peritonitis." Almost immediately the 
stomach could be seen to move pd soon was again in riolent peristalsis. 
In conscious response to the whispered sentence he laughed and asked if 
I were “kidding him." Then about 30 seconds to 1 minute later he said, 
“My God, Doctor, that bismuth must be disagreeing vdth me, I’ve got 
some cramps coming on.” (Note delay of subjective sensation.) 

Tills Roentgen ray experience aroused the patient’s interest in the 
emotional origin of his abdominal attacks, and during the next few months 
he brought in reports of other early memories of digestive upsets, especially 
of sudden unexplained diarrhea and his mother’s great solicitude about 
them. It appeared that much of his childhood memory centered about 
her continual concern whether his bowels were moving too little or too 
much. It should be mentioned at this point that when the patient was 
5 years of age his father had died follon-ing an operation for gastric ulcer. 
Tliis experience terrified him, but not so much, he said, as the one when 
at the age of 3 his father, a great, powerful, bearded man, had earned him 
on his shoulder into the ocean surf. The waves had broken over him 
and he felt the pangs of suffocation. 
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During the next 4 months there were about 20 conferences in wMch 
disclosures, germane to the other 2 sj^stem disturbances were made. The 
patient, who is a professor, noticed an increasing difficulty in meeting his 
classes, feared their criticism and was embarrassed to the point of phy^cal 
distress, trembling, sweating, palpitation, nausea, weakness and diarrhea. 

In discussing the symptom of palpitation it came out that about 7 years 
before the patient had consulted a doctor in the West who was a larp man 
with a very deep loud voice. During the interview the doctor “looked 
at me as though I were a convict and asked me if I ever had pains in my 
stomach. Then he took my blood pressure and said ‘My God man, it’s 
190. Go home— don’t walk— take a taxi — and go to bed at once.’ I was 
terrified.” 

At the close of the 4 months of conferences the patient went away and 
was not heard from again for 5 years. When he reappeared he complained 
of attacks of weakness, referred to his heart. 

2. Circulatory Phase. On November 30, 1932, he reported haying been 
very well, entirely free from abdominal cramps and had held his weight. 
Now he complains of elevation of blood pressure and fear of stroke. He 
has been refused standard premium rates by life insurance companies on 
account of his continued increased arterial tension. His mother has high 
blood pressure and lately 2 of his friends have suffered strokes. 

Examination revealed the blood pressure 160/80 in recumbent position 
and a very loud pistol-shot sound in the artery. The pressure rose 10 
points ndtliin a few seconds when I asked for the name of a friend who 
died of stroke. But on repeated subsequent readings it did not fall below 
160. There is sinus arrhythmia and marked slowing on deep held inspira- 
tion. The heart is not enlarged. Routine urinalysis and blood chemistry 
gave normal pictures. 

Because he now no longer lived in New York, strict psychoanaljrtic 
technique was impracticable. But after 14 months of irregular conferences 
the blood pressure gradually sank to 130, where it has remained He 
now pays regular life insurance rates. But as the blood pressure fell, 
symptoms of anxiety increased. 

The first intimation of the ideational phase was suggested by the rather 
remarkable statement that; “Blood pressure is to me a concept very 
subtle and powerful like God; hke the flashes of lightning and thunder on 
distant mountains; something way beyond the power of man’s volition to 
cope with; and emphasizes man’s inability to do anjdhing about God, who 
was the ultimate judge on matters of sex and he had decreed that inter- 
course was sin.” 

The sense of being ovenvhelmed, he said, reminded liim of being nearly 
drowned in a snimming tank when he was 10 3 ^ears of age, when thrown in 
by a big bully, and also of the time when his father had held him in the 
breakers at the age of 3, petrified with fear. 

3. Ideational Phase. At first the phobia was limited to his circulatory 
^'stem: death from a stroke or heart failure from high blood pressure, 
liiese ideas in turn resolved,^ first, into fear of suicide, and then the more 
ternfjnng thought that he might kill Ins children, his wife, his mother, the 
doctor, or apy^one he met. The mental anguish occasioned by these 
phobias was almost unendurable. Following each wave of homicidal fear 
the_ patient experienced the sense of collapse and complete disintegration* 
nlucli he had previous^ connected with his heart. The symptoms of 
exhaustion, palpitation, leaky skin and trembling resembled the picture 
of liyTiermsuhnism so closelj' that it seemed desirable to make obser\’’ations 
upon the patient s blood-sugar curve before and after a normal meal, but 
with normal results. ' 

Space does not permit a full account of the psj'choanalysis. But there is 
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ample e^^ence to show the serious effect upon the patient of the birth 
trauma, the great sense of inferiority due to his spindle legs and veiy small 
gemtaha, the strong homosexual trend, arising in the wish to be subjugated 
by the father, and the fear (or wish) for castration as a solution of the 
masturbatmn ^ilt, and the oedipus situation. Indeed, the fear that 
masturbation history would be discovered caused this highly intelligent 
and educated adult to delay 5 years in finally returning to complete his 
analysis. 

Followdng the resumption of the conferences the analysis went along 
smoothly and with comparatively little resistance. HYom this time on he 
continued to improve, and at present (May, 1935) he is entirely free from 
abdominal cramps, his blood pressure is normal and the phobias are reduced 
to occasional slight and transient reverberations. The case shows clearly 
that bepuse of the same emotional patterns underlying all the symptoms 
the patient was not cured when the original cramps disappeared 7 years 
ago, nor when the blood pressure fell to normal last May. He can be 
regarded as finally cured only when, in addition to the removal of these 
twm S 3 ’’stem disturbances, the phobias likewise vanish. 

« 

These cases have been selected from a large material at the Con- 
stitution Clinic for the purpose of illustrating differences betnmen 
the persons within the patients. The first 2 provide instances of 
the situation in which the somatic component (somatic in the sense 
of structure, architecture, morphology) is the more emphatic cri- 
terion of the personality. The third displays a form in which 
the psychic component (psychic in the sense of corticothalamic 
mechanism, functional, emotional) predominates. The individual 
quality (constitution) in the former, in general, results from genetic 
and conditioned faults in growth and development, and contributes 
to the production of diseases involving those parts of the body which 
are concerned with the animal's outward or spatial environmental 
relationships. In this category, for example, are found diseases of 
bone, joints, skeletal muscles, motor nerves and weight loss or 
increase. The individual quality (constitution) in the second group 
in general springs from genetic and conditioned faults in the cortico- 
thalamic mechanism and contributes to' the production of those 
diseases involving xdtal functions supporting the inner life of e.vist- 
ence and procreation. Hyperthyroidism, peptic ulcer, ^ Raynaud’s 
disease, asthma and some forms of arterial hypertension may be 
given as examples of maladies common to the second category. 
But these two phases or groups must remain very loose ones, for the 
obnous reason that functionless structure serves no biologic purpose 
and function cannot be realized without structure. 

Now' w'hat significance may the foregoing obserimtions hold for 
therapeutics? It brings us face to face wdth the question of wdiy 
or how psychotherapy in some form or other lias since time out of 
mind been one of the most potent agents in the cure of sick people. 
Clearly, in the first 2 cases with profound structural fault w'e are at 
present powerless to do more than to relieve subjective suffering. 
Probably therapeutic success in the true sense of cure bears an 
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inverse ratio to the degree and duration of somatic change. But in 
the last case structural tissue change had not yet advanced to any 
degree notwithstanding the extreme severity of the symptoms. 

I have used Cannon’s theory of emotion for the basis of the 
chart (Fig. 2), and added the lower part about memory patterns 
to emphasize the importance of symbolism for mankind. It is 
perhaps not too much to say that if reality situations and memory 
patterns are capable of causing function-modifjdng and tissue- 
changing emotional discharges from the thalainus, appropriate 
psychotherapy, interpreting and applying individual and racial 
symbolism effectively may tend reciprocally to remove the destruc- 
tive patterns by a process of unconditioning. Recently the surgeons 
have advocated the use of operations which involve removal of 
portions of the autonomic nervous system or certain endocrines. 
No doubt there is a point in the advancing process which moves 
from early functional disturbance to actual tissue change, at which 
removal of hypertrophied tissue or blocking the channels through 
which it acts by surgery is the only effective treatment. But we 
must weigh carefully the relative merits of a therapy which “cures” 
(i. e., reduces symptoms) by destroying the integrity of the whole 
and a therapy which by reintegration of the personality restores an 
adequate balance of the corticothalamic mechanism. But the latter 
in turn is limited by the quality or constitution of the individual. 

Conclusions. 1. The common denominator of human disease is 
the individual man or woman— the specific total organism— within 
the patient. 

2. The specificity of that organism as part cause of the presenting 
disease is analogous to the specificity of the exciting agent from 
environment. 

3. The layer at which the organismal envelope and its environ- 
ment meet is not sharply drawn. The two may be continuous in 
a physicochemical sense. 

4. The fact that man occupies and reacts with two complete 
universes— reality and phantasy— renders each disease condition 
doubly complex. 

b. The specific quality of individual human organisms is deter- 
mined largely by the quality and relationships of the 5 structural 
parts: (1) Cortex, (2) thalamus, (3) endocrine glands, (4) auto- 
nomic nervous system, (5) involuntary muscle. 

^ 6. IMuch information about these can be gained by direct observa- 
tion of form and function of the organism as a whole — amplified by 
information concerning its various stages of growth and development. 

7. Since any living organism is a link in an hereditary stream of 
special racial and family protoplasm, genetic histories may con- 
tribute to the doctor’s understanding of the person within the 
patient. 

5. Because man is a eomplete psychosomatic being, studies of 
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his- psychologic structure are at least of equal importance to internal 
medicine as are those of the soma. It is possible that what we 
now term the subconscious is actually composed of memory patterns 
in the corticothalamus mechanism. This complex carries not only 
inherited qualities but also phylogenetic and ontogenetic condition- 
ing effects. 

9. The studies of internal medicine deal especially with the later 
purely somatic resultants of the whole disease process and conse- 
quently are often concerned with phenomena widely separated from 
the initial disturbance. This in many instances can be shown (by 
means of a meticulous history of the person’s physical growth and 
development and of his emotional reactions, both conscious and 
unconscious) to arise in an early disturbance at the psychophysio- 
logic border. Consequently it is at this point that the sphere of 
psychiatry (psychoanalysis) relates directly with that of internal 
medicine. 

10. Cannon’s theory of emotion and the added memorj’- mechan- 
ism indicate how important it is for the physician to search for the 
specific symbol stimulus. This may require deep psychologic 
technique, for often the original reality stimulus is lost to conscious 
recollection. 
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Clinical Tuberculosis, in two Volumes. Edited by Benjamin Gold- 
berg M.D., F.A.C.P., F.A.P.H.A., Associate Professor of Medicine, 
University of Illinois College of Medicine; Honorary Professor of Medi- 
cine, National University of Mexico; formerly Director of the City of 
Chicago Municipal Tuberculosis Sanitarium. With the Collaboration 
of 33 Contributors. Pp. 1580 ; 640 illustrations and 9 color plates. 
Philadelphia; F. A. Davis Company, 1935. Price, §22.00. 
Thirty-four contributors have produced a very creditable work that 
presents all the clinical phases of tuberculosis with sufficient completeness 
and detail to deserve the term “encyclopedic.” The text is divided into 13 
sections, designated by the letters A to M; unfortunately, each section 
has its page numbers begin at 1, with the section letter preceding it, a 
cumbersome and unnecessary procedure. Section A includes chapters on 
epidemiology, bacteriology, allergic and immunologic considerations, 
pathology and pathologic physiology of the tuberculous lung. This section 
is particularly well done. Section B deals with diagnosis, classification of 
pulmonary tuberculosis. Roentgen-ray findings in adult pulmonary tuber- 
culosis and differential diagnosis. The chapter on physical diagnosis in 
some respects is rather skimpy. The productions of roentgenograms are 
only fair and the chapter on Roentgen diagnosis is the only major chapter, 
without references to the literature. Section C and part of Section D, 
dealing with prognosis and treatment, including the usual hygienic measures 
and pneumothorax, pneumolysis and oleothorax, conclude Volume I; 
they are very weU done. Volume II takes up surgical apical collapse, 
thoracoplasty, heliotherapy, tuberculin and climate treatment, tubercu- 
losis in childhood, tuberculous meningitis, miliarj^ tuberculosis, spontaneous 
pneumothorax, tuberculosis of pleura, intestines, anorectal region, peri- 
toneum, urogenital tract, special sense organs, cardiovascular system, skin, 
bones and joints, thyi'oid. There are also chapters on bronchoscopy in the 
tuberculous, tuberculosis and pregnancy, diabetes, trauma with 'regard to 
industrial and compensation considerations, psychopathology. In spite 
of the numerous contributors there has been surprisingly little duplication 
and only one omission which the Reviewer discovered; tuberculosis of the 
adrenals (Addison’s disease). The Editor is to be congratulated on his 
publication. R. K. 


The Story of Medicine in Tm; Middle Ages. By David Riesman, M.D. 
Sc. p.. Professor of the History of Medicine and Professor Emeritus of 
Clinical Medicine, University of Pennsylvania; Member, History of 
Science Society and Medieval Academy of America. Pp. 402 ; illustrated . 
New Aork; Paul B. Hoeber, Inc., 1935. Price, S5.00. 

Tiie Middle Ages have so long been loosely regarded as the quintessence 
of inteUectual stagnation that it is refresliing to be given two more refuta- 
tions of this outworn chchc. Just as Dr. Riesman’s book with its background 
of general medieval university life and customs makes this amply apparent, 
so does Alorison s ‘Founding of Harv^ard College” with its generous treat- 
inent of the medieval universities and their acthdties, without which none 
of the older American universities can be properlj' understood. As Dr. 

\ov. 190 , NO. 4 . — ocroBcn, 1935 20 
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Riesman points out in his Preface “tlie people who produced tlie Great 
Gathedrals, the French Chansons, the German Minnelieder, the Magna 
Charta, Parliamentary Government and above everj^thing, the Universities 
^nd one might add, Hospitals), deserve our gratitude and admiration ” 
Begimung with the Greek inheritance, the School of Salerno, Arabian ' 
Medicine and medieval Jewish physicians, the ever changing medical stream 
is followed in the first third of the book through clerical and scholastic 
medicine, astrology and alchemy to the six leading universities of the period 
—two each in France, Italy and England. Far outgrown as the volume is 
from its original destination as a unit of the Clio Medica series, yet one 
cannot but regret that the universities — a most interesting and important 
phase of medieval life — could not have even more complete treatment. 
From a second point of ^uew, such subjects' are then treated as anatomy, 
surgery, the guilds, medieval diseases and epidemics, treatment, hospitals, 
and medical textbooks. Paracelsus alone is distinguished by a chapter to 
himself. The vexed question of the origin of European syphilis is presented 
thoroughly and impartially. As was to be expected, a verdict of non-proven 
had to be given for the views of both Americanists and anti-Americanists. 
One_ finishes this really very interesting and instructive volume with satis- 
faction in the reflection that a busy consultant should have acquired such 
a store of historical knowledge and have had the ability and given the time 
and care necessary to present in such an attractive form. E. K. 


A Bibliography of the Poem Syphilis Sive Morbus Gallicus, by 
Girolamo Fracastoro of Verona. By Leona Baumgartner and 
John F. Fulton. Pp. 157; 9 illustrations. New Haven: Yale Uni- 
versity Press, 1935. Price, S5.00. 

This bibliography of Fracastoro’s justly celebrated poem follows, 
appropriately, close on the heels of the appearance of the one-hundredth 
printing of the poem (Am. J. Med. Sci., 189, 864, 1935). Only the Regimen 
Saniiatis of the School of Salernum, among medical poems, surpasses or even 
equals this record, though its intrepid bibliographer of our day has, alas, 
yet to appear. 

Following a characteristic introduction by Dr. Arnold Klebs, the present 
bibliography lists the editions by languages, Latin (42), Italian (29), 
English (13), French (9), German (5), Spanish and Portuguese (one each). 
These include the usual appearances in collected works and anthologies, 
which, in some instances, enjoyed more than a single edition. A number of 
editions represented by unique or very few copies, and consequently gener- 
ally unknovm, are here brought to attention— one of the more obvious 
fruits of such a bibliography. 

The 68 holding libraries recorded are not indexed as regards the individual 
sums of their holdings, but it is possible to discover that the owners of the 
largest number of editions are, first. Dr. Fulton himself, and, second, the 
British Museum. Among the American public or semi-public libraries, 
the chief holders appear to be, in order, the three largest medical libraries, 
those of the Surgeon-General, the New York Academy of Medicine, and 
the College of Physicians of Philadelphia. 

The description of the editions is, however, happily far more than merely 
statistical. The notes on typography, printers, translators, editors, and 
owners invite the pleasurable dalliance of bibliophiles generally; and it may 
be presumed that everj^ peruser of Aniiqvariatskatalogen will henceforth 
find the work, as indispensable for reference as Keynes’ bibliography of 
Harveys or Dr. Fulton’s own bibliography of Robert Boyle. It contains, 
also, a valuable section devoted to biographical and critical matenal Pn 
Fracastoro and his work. 
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In its general appearance, the book, involving complicated problems 
in typography, reflects unusual credit upon the ingenuity and taste of the 
authors and their printers. The world of scholarship, and particularly 
that section of it concerned with the history of medicine, owes a great debt 
to the authors for this humanistic bibliography of one of the brightest 
ornaments of medical belles letlres. W. McD. 2d. 


The Woman Asks the Doctor. By Emil Novak, M.D., F.A.C.S., 
Honorary D.Sc. (Dublin), Associate in Gynecology, Johns Hopkins 
Medical School; Former Vice-President American Gynecological Society. 
Pp. 189. Baltimore; The Williams & Wilkins Company, 1935. Price, 
SI. 50. 

Though recognizing the latent danger in a little knowledge, the author 
offers this discussion of those problems in ivhich all women are interested, 
much as a gynecologist would answer the questions put to him by an intelli- 
gent patient. Especially interesting are the opening chapters on “"What is 
Femaleness” — a very modern subject — and “Superstition and Folk-lore 
of Menstruation.” Other topics cover the anatomy and function of female 
organs at various stages of life, and a few disorders such as dysmenorrhea, 
sterility, leucorrhea and cancer. One is inclined to agree that the danger 
of a woman attempting to use knowledge gained by reading such a book as a 
basis of self-treatment is indeed slight. E. K. 


Clinical Management of Syphilis. By Alvin Russell Harnes, M.D., 
Chief of Congenital Luetic Clinic, New York Hospital. Pp. 71; illus- 
trated. New York; The Macmillan Company, 1935. Price, SI. 50. 

This booklet of less than one hundred pages is an efforl to render specific, 
within a very brief compass and at little expense, the technique of the treat- 
ment of syphilis, too often only vaguely grasped in the abstract. 

The idea is a laudable one but unfortunately its fulfillment in this work 
leaves much to be desired. Valuable space is wasted on extraneous and 
unimportant matters, instructions wliile apparently detailed frequently 
lack important points and have a sketchy quality not entirely compensated 
by the efforts at tabulation. For a work dated 1935 to completely overlook 
the notable American and internationarcontributions to the technique of 
early and latent syphilis is a grave omission. Sharp exception could be 
taken to a number of statements and the thing, at least as rendered in 
words (see p. IS) is at times almost embarrassingly naive. The illustra- 
tions are of course drawn to save expense, but have unfortunately lost all 
their teaching value in the process. 

A second edition of this manual will doubtless be called for and an elim- 
ination of diffuse material and closer attention to the established landmarks 
in the recent literature Mill greatly increase the value of this verj'^ useful 


The Doctor's Bill. By Hugh Cabot. With an Introduction by 

u' Lowell. Pp. 313. New York; Columbia University 

Pre.ss, 193o. Price, .83.00. 

This %olumc adds another point of view to the rapidly groving litera- 
ture on tlic subject of the economic side of medical practice. Its structure 
IS logical and the discussions are fairlj' impartial but wholb' critical. 

the author first presents the contrast of medical education and prac- 
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tice in the decade or so before the present century and the education and 
practice of the present time. He strips the old practitioner of much of liis 
romance and glamor but on the other hand seems to overemphasize the 
importance of the use of laboratory procedures in the practice of today. 

Dr. Cabot then proceeds to set forth the fundamental axioms and corol- 
lanes necessary to attack the probleni-of medical economics. And truly this 
is more complex than any theorem ever conceived by Euclid or his dis- 
ciples! Chapters on the general practice of medicine, specialists and group 
practice, health services, workman’s compensation, analyses of the incomes 
of physicians and their public are clearly, and succinctly discussed. He 
then summarizes the situation in Europe, with terse comparisons when 
necessarj^ to point out differences in public customs and requirements. 

In his chapters on “Medical Needs in the United States,” “Some Sug- 
gested Methods of Improvement,” and “Where do we go from Here?” 
Dr. Cabot critically analyzes our needs according to his own ideas. He 
freely criticizes the attitude of the American Medical Association in oppos- 
ing all change except that enranating from Dearborn Street, but offers no 
panacea and backs no other single plan. However, he seems to align him- 
self with “those practitioners under forty-five years” whom he states are 
all liberals and who are for changes in the existing order. As one who is 
really under that age, the Reviewer cannot subscribe to his appraisal. There 
are still a large number of young phj^sicians who prefer the process of evolu- 
tion to that of revolution and who only occasionally use the airplane as a 
means of transportation. 

If Dr. Cabot can be said to offer any prophecy, it would be the future 
development of the group cUnic in its several different forms. Perhaps that 
is because Dr. Cabot has usually been engaged in some form of group prac- 
tice. On the whole the book is thoroughly readable and is recommended 
for physician or layman. E. T., Jk. 


NEW BOOKS. 

Gynecological and Obstelrical Tubemdosts. By Edwin M. Jameson, B.S., 
M D. Fellow of Trudeau Foundation; Attending Surgeon, Saranac Lake 
General and Reception Hospitals. Pp. 256; 31 illustrations. Philadel- 
phia; Lea & Febiger, 1935. Price, 83.50. 

The Theory and Practice of Anaesthesia. By M. D. I^sworthy, M.A., 

• M D B Ch (Cantab.), Anaesthetist to Westminster Hospital and Gros- 
venor HosStal for Women, etc. With a Foreword by I. W. Magill, 
M.B. B.Ch. (Belfast), Senior Anaesthetist to Westminster Hospital, 
ete. Pp. 223; 35 illustrations. London; Hutchinson & Co. Ltd., 1935. 
Price, 12/6. ' ■ 

Gastritis and Its Consequences. By ILnud Faber, M.D., _ LL.D.E., 
F R C P E Hon., Professor of Internal Medicine in the University of 
Copeniiagen. Pp. 119; 48 illustrations; New York; Oxford Univer- 
sity Press, 1935. Price, 83.00. 

Die Molehularpaihologie der Entziindung. Hire Bedeutung fur das Krank- 
heitsverstehen und ICrankheitsheilen. Eine Einfiihrung fur Studierende 
und Arzte. By Professor Dr. H. Schade, Direktor des Institutes fur 
Phvsikochemische Medizin an der Universitat lUel. Pp. 100; 20 illus- 
trations and 18 tables. Leipzig; Theodor Stemkopff, 193o. Price, 
Rm. 5.50. ^ • 

On Health’s Highway. Progress in Relation to Cancer Control. American 
Society for the Control of Cancer. Pp. 33; illustrated. New lork. 
The New York City Cancer Committee, 1935. Price, 50 cents. 



NEW EDITIONS 


563 


Roentgenbefund und pathologisch-anaionnscher Befund bei Lungenkrank- 
heiten. ‘Versuch einer kritisclien Vergleichung. 1. Teil: iext; A. 
Teil: Atlas. By Dr. med. Max Verse, o. o_. Professor der allgememen 
Pathologie und pathologischen Anatomie; Direktor des pathologischen 
Instituts der Universitat Marburg. Pp. 93 (Text); 144 illustrations 
(Atlas). Berlin; Otto Eisner Yerlagsgesellscliaft m.b.H., 1935. Price, 
Rm. 18. 

Methods ami Mateiials of Health Education. By Jesse Feiring Williams, 
M.D., Teachers College, Columbia University, and Fannie B. Shaw, 
M.A., University of Florida. Pp. 331 ; illustrated. New York; Thomas 
Nelson & Sons, 1935. Price, .S1.65. 

Die Stdriingen des Lichtrejlexes der Pupille bei den lueiischen Erkrankimgen 
des Zentralnervensy stems. Beitriige zur Friihdiagnostik der Lues nervosa. 
By Dr. med. Otto Lowenstein, seither ordentl Professor und Direk- 
tor des Pathopsj^chologischen Instituts der Universitat Bonn, etc. Pp. 
92; 31 illustrations; Basel; Benno Scliwabe & Co., 1935. Price, Fr. 5. 
.4 Bibliography of Two Oxford Physiologists, Richard. Loiver (1631-1691) and 
John Mayow (1643-1679). By John F. Fulton, M.A. (Oxon.)_, Sterling 
Professor of Physiology in the Yale University School of Medicine. Pp. 
62; 7 illustrations. (Price not given.) 

The Medicine-Man of the Anierican Indian and His Cultural Background. 
By William Thomas Corlett, M.D., L.R.C.P., (Bond.), Professor 
Emeritus of Dermatology-Syphilology, Western Reserve Universit 5 ’^; 
Fellow of the Royal Society of Medicine of Great Britain, etc. Pp. 369; 
illustrated. Springfield, III.; Charles C Thomas, 1935. Price, 85.00. 
The Doctor and the Public. _ A Study of the Sociology, Economics, Ethics, 
and Philosophy of Medicine, Based on Medical History. By James 
Peter Warbasse, M.D. Pp. 572; illustrated. New York; Paul B. 
Hoober, Inc., 1935. Price, 85.00. 

NEW EDITIONS. 

Arthritis and Rheumatoid Conditions. Their Nature and Treatment. By 
Ralph Pemberton, M.S., M.D., F.A.C.P., Professor of Medicine in the 
Graduate School of Medicine, University of Pennsylvania; Phj'sician to 
the Abington Memorial and Bryn Mawr 'Hospitals, etc. Pp. 455; 69 
illustrations, 60 tables, and a colored plate. Second Edition, thoroughly 
revised. French translation of First Edition, 1933. Philadelphia; Lea 
& Febiger, 1935. Price, 85.50. 

.4 Synopsis of Regional Anatomy. By T. B. Johnston, M.B., Ch.B., 
Professor of Anatomy, University of London, Guy’s Hospital Medical 
■School. Pp. 460; 11 illustrations. Third Edition. Philadelphia; Lea 
& Febiger, 1935. Price, 84.50. 

The Principles and Practice of Medicine. Designed for the Use of Practi- 
tioners and Students of Medicine. Origmally -uTitten by the late Sir 
William Osler, Bt., M.D., F.R.S., Formerly Fellow of the Royal Col- 
lege of Physicians, London; Regius Professor of Medicine, Oxford, etc. 
Pp. 1196; 22 illustrations, 16 charts. T'welfth Edition; Reidsion Iw 
Tho.m.vs A'IcCr^ve, M.D., I'ellow of the Royal College of Physicians, 
London; Professor of iMedicine, Jefferson hledical College, Philadelphia, 
Appleton-Century Company, Inc., 1935. Price, 

SS.oO. 

The American Illustraicd ^Icdical Dictionary. By W. A Newman Dor- 
LAND, A.M., Ap., F.A.C.S., Lieut.-CoW, U. R. C.,'u. S. Army, etc. 
Bith the collaboration of E. C. L.- Miller, M.D., Medical College of 
Nir'^ima. I p. 1;)73; 945 illustrations, including 283 portraits. Seven- 
teenfh Edition rewsed and enlarged. Philadelphia; W. B. Saunders 
Company, 1035. Price, Plain, 87.00; Thumb Index, .87.50. 
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THE FEMALE URINARY ORGANS. 

Ureteral Injuries. There can be no doubt that the ureter is injured 
in the performance of pelvic operations in a greater number of instances 
than the literature would indicate. If the operator realizes that he 
has injured a ureter he is naturally reticent about discussing it, while 
in many instances the injury is not recognized at the time that it occurs. 
In discussing this subject BroAvn' states that the diagnosis of ureteral 
injury can often be made during the operation,cespecialJy by careful 
inspection of the wound bed before peritonealization. In this manner 
he discovered such an injury in 7 of the 10 cases which he reports. 
Escape of urine from the vagina or the abdominal incision or complaint 
of incontinence following pelvic operations should always suggest the 
possibility of ureteral fistula, and should be investigated by cystoscopy 
when the patient’s condition permits. Theoretically, this accident 
should be entirely preventable; in practice, however, it cannot be 
entirely eliminated. This is particularly true when there are congenital 
anomalies of the ureter, or wlien the ureter passes directly through 
tumor tissue. If the anatomy of the cer\dx and its neighboring struc- 
tures is normal, the ureter lies 1.5 cm. from the uterus at the level 
of the internal os, and 1 cm. from the cervix at the vaginal reflection. 
These distances are increased when the bladder is dissected off tlie 
anterior wall and retracted downward and forward, while upward trac- 
tion is made on the uterus. Therefore, if the dissection and retraction 
are properly done, and clamps or sutures are placed as close as possible 
to the uterus, the safety of tlie ureter can be guaranteed. In tlie 
presence of complicating conditions the most efl'ective protection for 
the ureter lies in its e.xposure througliout its entire course through the 
parametrium. No attempt to remove the parametria! tissue should be 
made until this precaution lias been observed. The introduction of 
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ureteral catlleters preliminary to total hysterectomy may be of great 
value, although it is occasionally impossible to palpate the ureter 
even witli the catheter in situ. Prevention of ureteral injury during 
vaginal hysterectomy depends first, upon tlie proper selection of cases, 
with elimination particularly of intraligamentous fibroids; second, 
upon making strong downward traction on the cervix while the bladder 
is dissected off the anterior ■wall of the uterus and by subsequent retrac- 
tion of tire bladder anteriorly; and third, by placing parametrial sutures 
as close as possible to the uterus. By observing these precautions he 
has not injured the ureter in a large number of vaginal hysterectomies. 
During the removal of intraligamentous cysts, the ureter may be safe- 
guarded by blunt dissection of the tumor from its bed; in no case should 
adherent strands of tissue be cut until their nature has been determined. 
With fibroids developing within the cer\dx, danger may be avoided by 
splitting the uterus from the fundus downward and enucleating the 
tumor, after which the parametria may be clamped and cut as close 
as possible to the collapsed capsule. 

A wide variety of procedures is available for the repair of an injured 
ureter and proper selection depends upon the type and location of the 
lesion, tire time of discovery and the general condition of the patient. 
When complete section of the ureter is discovered before closing the 
abdomen, the most successful repair consists in implantation of the 
proximal end into the bladder. He has done'this five times with primary 
healing- in all. In high injuries, vesical implantation may be impossible 
and in such cases end-to-end anastomosis over a large catheter appears 
most promising but should always be accompanied by drainage of the 
kidney pelvis tlirough a pyelostomy or ureterostomy above the line of 
repair. Should the condition of the patient be so alarming as to pro- 
hibit attempts to repair the injury, the proximal end may be doubled 
upon itself and ligated with a non-absorbable ligature, or it may be 
carried out through the incision or into the vagina, thus creating a 
fistula to be treated later. 

Incomplete section of the ureter may be repaired by simply closing 
the defect, providing that no more than one-third of the wall is involved. 
If the damage is more extensive, the section should be completed and 
the proximal end implanted into the bladder. Bilateral ligation of the 
ureters should be treated by immediate laparotomy with removal of 
vthe ligatures if the patient’s general condition will permit, otherwise 
bilateral pyelostomy must be performed with the hope tliat the ureters 
may be restored when operation can be tolerated. Postoperative 
ureterovaginal fistula should be treated e.xpectantly for a time, since 
spontaneous healing occurs occasionally. If drainage continues for 
more than 6 weeks, one should attempt to conserve kidney function 
by transperitoneal implantation of the ureter into the bladder, which is 
generally preferable to nephrectomy. 

In reporting IG cases of accidental ureteral injuiy, Stevens" states 
that m 4 cases perforation occurred during cystoscopy, in 5 the ureter 
uas injured during hysterectomy, in 2 during the removal of pelvic 
cjsts, and the other cases during various pelvic operations. The left 
ureter was injured in 10 cases, the right in 5 cases and botli ureters in 
1 ™se. Icn patients recovered, 0 with good kidne}' function, 3 with 
probable destruction of the kidney and 1 after nephrectomy. Two 
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piiticiits died. 4 cases of perforation j-ccovered, 1 following evacu- 
ation of a periureteral abscess, tiie others without complications. 
Kegarding the treatment of such injuries lie states that if a ui’eter has 
been completely severed or badly crushed, suture of the proximal seg- 
ment into the distal or end-to-end anastomosis over a catheter has 
proven satisfactorJ^ In the latter operation he also advises drainage 
of the_ kidney by inserting a ureteral catheter into the ureter through 
, an incision above the anastomosis, and tiie kidney is drained temporarily 
through tlie loin by means of tins catlieter. Uretero-vesical anastomosis, 
preferably retroperitoneally, has given some good results, but must be 
done without tension on the suture line. If anastomosis is not feasible, 
infection is absent and the opposite kidney is healthy, ligation of the 
proximal end of the ureter is justifiable, but if the kidney is infected, 
neplirectomy is indicated wlien the patient has recovered from the 
shock of the primary operation. If the function of tlie opposite kidney 
is not satisfactory, nephrostomy, ureterostomy^ or intestinal implanta- 
tion of the ureter are to be considered. If the ureters ha^'e been acci- 
dentally ligated and deligation is too hazardous, temporary drainage 
by means of nephrostomy is usually indicated until the ligature has 
been absorbed and drainage reestablished. Deligation is often attended 
by Jiemorrhage and is usually difficult, especially if attempted some 
days after operation. 

From Rotterdam comes a report by ten Berge^ stating that he has 
implanted ureters into the bladder 4 times and has done an end-to-enci. 
anastomosis 3 times, and he found that after the latter operation the 
kidney function and pelvis remain normal for a ionger'period of time. 

In 3 of the 4 implantation cases hydronephrosis and pyelitis developed. 
The plan which he follows in uniting tlie cut ends of the ureter is as 
follows; the proximal portion of the ureter is incised longitudinal!}' a 
short distance above the cut end and 2 tubular drains are inserted, 

1 directed toxvard the kidney to drain the urine, the other directed 
toward the bladder. Over this latter drain both cut portions of the 
ureter are threaded and the ends are sutured together with 3 or 4 fine 
linen sutures. These drains are then led extraperitonejilly to the 
abdominal wall in tlie region of the anterior, superior iliac spine. Since 
the site of the anastomosis is kept dry, there is very little danger of 
infiltration rvith later stricture formation. The drains are i-emoved in 
from 2 to 3 weeks, and the incision in the ureter through which they 
passed closes itself in a few days. 

After a urinary fistula has formed as a result of ureteral injury, if 
it does not close spontaneously, surgical repair will often he considered, 
as a patient who is constantly wet witli urine is most miserable as well 
as a social outcast. However, surgical repair of such a fistula, as pre- 
viously stated, may be quite a hazardous procedure. It is well to 
remember, as Sears^ points out, that modern Roentgen ray therapy 
can destroy normal and diseased kidneys. The intricate epithelial 
structure of tlie kidney is replaced by connective tissue. Tlie vascular 
and glomerular units are the last to be affected. He reports a ease of 
renal fistula which was cured by irradiation and he considers such 
therap}' a safe procedure, provided the treatment is given by an c.xpert 
roentgenologist. 
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Ureteral Calculus. When a stone becomes lodged^ in juxtavesical 
portion of the ureter tlie vaginal approach to this portion of the ureter 
has often been recommended. Kneise^ objects to the vaginal approach 
because of the frequent inability to find the stone at the time of oper" 
ation even though it was palpable before. The relaxation of anesthesia 
permits the stone to slip up the ureter. In the operation which he 
advocates, after opening the abdomen through a midline incision, the 
uterus is pulled out of the wound, the bladder peritoneum is opened 
and the bladder is pushed well down from tire uterus as in the Wertheim 
operation. The region of tire entrance of tire ureter into the bladder is 
slowly and carefully exposed so as not to injure the vessels in tire broad 
ligament. The peritoneum is free laterally and the superior vesical 
artery is in the field and below it is the ureter. If the stone is palpable 
it is not necessary to free the ureter from its bed. If tire ureter is very 
thin and presents a hydroureter above the stone, the urine is drawn 
from the ureter with a syringe so as to minimize peritoneal contamina- 
tion. Before opening the ureter the patient is placed in the Trendelen- 
burg posture and the surrounding field protected with gauze pads to 
prevent soiling witlr urine. While tire assistant presses over the ureter 
proximal to the stone, a small incision is made over the stone and it is 
gently scpieezed out or is extracted with forceps. The ureter is closed 
witlr a few fine sutures in the outer coats, the bladder peritoneum is 
sutured and tire wound closed. In this technique it is not necessary 
to ligate the uterine vessels or sacrifice the adnexa of the affected side 
as usually described in textbooks. The method is only to be applied 
in cases where tire stone is witlrin 5 cm. of tire ureteral orifice. Stones 
higher in the ureter should be approached by tire lumbar extraperitoneal 
method. 

Ureteral Obstruction in Cervical Cancer, AATren cancer of the cervix 
advances to the point that tliere is involvement of the broad ligament, 
it is only a question of time until the ureter becomes obstructed. In a 
study of tliis tj-pe of ureteral obstruction Drexler and Howes® found 
that in every case the chief complaint is pain, ranging from a dull ache 
to a severe colic on tlie affected side. Usually the patient complains 
of a constant dull pain located deeply in the groin and referred to tlie 
thigh and leg, often simulating an attack of sciatica. It is frequeirtly 
referred to one or both Iddneys, especially when complete occlusion 
of the ureter has taken place witli dilatation of tlie ureter above the 
obstruction. The patient often develops a marked distaste for food 
but witli removal of tlie ureteral obstruction the appetite returns and 
the gain in weight is rapid, in some instances from 10 to 100 pounds. 
On physical examination through the rectum a moderate degree of 
induration, which is tender to touch, can be felt extending laterally. 
Cystoscopy with ureteral catlieterization and pyelography establishes 
a positive diagnosis and in practically all cases the obstruction will be 
tound in the terminal portion of tlie ureter. From tlieir autopsy find- 
ings tlic\' believe that these strictures are the result of pressure on the 
ureter iroiii invasion of tlie broad ligament by tlie malignant process 
itself and therefore they deem it necessary to direct tlierapy to this 
area with the same vigor as the primary lesion in the cervix has been 
iittaeked.^ L p to the present time no satisfactory radiation therapy has 
been detlsed for the broad ligament, althougli many methods have 
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of the operation and fixed there and allowed to remain for at least 
a week. Posture is vei’y important in the after-care of these patients. 
One must try to drain away as much urine from the suture line as pos- 
sible, not merely to keep the incision dry but to prevent even the slight- 
est pressure upon the repaired area. If there is only a tiny bit of 
constant fluid pressure, seepage may occur. To obviate this, one 
should make the most dependent portion of the bladder that area 
farthest away from the suture line. In other words, in all posterior 
fistulas, and this means practically all of them, the patient should be 
placed flat on the abdomen with the head of the bed slightly elevated. 
This position must be maintained for at least 5 daj^s, no matter how 
uncomfortable the patient may be. After this a little lying on the side 
and gradual turning to the back is allorved. The nursing care of these 
patients must be perfect. The drip of the catheter must be under con- 
stant observation so that no possible backing up of urine can occur 
as the result of blockage. The catheter itself is run down between 
the patient’s legs and out at the foot of the bed, never or-er the side, 
so that the urine will fall gradually to the bottle by gravity and not 
be forced to flow over even a slight elevation. The tube is protected 
by sandbags so that the legs have no chance to compress the lumen, 
and it is irrigated once or twice daily with boric acid solution. While 
it may seem tliat we have gone into quite some detail in presenting 
the work of Schmitz, it is only by paying strict attention to such details 
that a satisfactory result may be expected in many of these cases, as 
those who have tried to repair extensive fistulas have found out for 
themselves. 

At tlie Mayo Clinic, according to Stephenson and Masson,® these 
cases are repaired by a modification of the metliod proposed by C. H. 
Mayo. After a thread is passed through the fistula at cystoscopic 
examination, a silver wire is drawn througli the tract to act as a guide. 
The ^mgi^a is incised in a transverse direction on each side of a circular 
cut about the fistula and the base of the bladder is separated from tlie 
anterior vaginal wall. Witli 'tlie wire as a guide, dissection is carried 
well up toward the mucosa of tlie bladder and a purse-string suture 
of 00 chromic catgut is placed in the muscular -layer. The greater 
part of the fistulous tract is excised and the vaginal end of the wire is 
grasped in a blunt hemostat. By making traction on the other end of 
the wire, tlie stub of the fistula is inverted into the bladder and the 
purse string is pulled tight. Reinforcing sutures of catgut are placed 
in the longitudinal axis and the transverse cut in the vaginal wall is 
closed separately, using interrupted sutures of sillcivorm gut. When the 
two lines of suture can be separated by normal tissue, the chances of 
permanent closure are good. A retention catheter is left in the bladder 
lor about 10 days. In a few cases in which tlie vaginal approacli is 
impracticable, either because of the position of tlie fistula or because 
the vaginal orifice is so small, it may be advisable to use a transvesical 
approach. The above description of the operation makes it seem so 
.simple that one might e.xpect uniformlj’ satisfactory results, but such 
is far from the truth. Repair of the fistula is not effected at the first 
attempt as a rule, as was seen in the review of cases encountered at the 
Clinic. Of 24 cases witli vesicovaginal fistulas, the condition 
of 17 was considered suitalile for .operation. There had already been 
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48 attempts at closure on these 17 women. B’iiiie tJicy were under cai-e 
at the ciinic it was necessary to do 23 operations; 4 of tJie discs lire 
not entirely cured as yet and the end-result of treatment on 1 other is 
questionable. .Usually if tlie fistula is 1 cm. or less in diameter, good 
results can be expected. However, the prognosis of any one attempt 
is not good if the held in wJjich one is working is mainly scar tissue 
resulting from previous operations. Sometimes it is impossible to 
secure sufficient tissue ivith adequate blood supply to allow closure of 
fthe defect, and transplantation of the ureters into the sigmoid becomes 
necessary. It is probably wise to transplant the ureters in 2 stages, 
although in selected cases Coffey’s second technique, in which both 
ureters are catheterized and transplanted at the same time is higJdy 
satisfactory. The closure of a small fistula by electrocoagulation has 
been suggested in recent years by European surgeons, but at the Mayo 
Clinic they have had no experience u'ith the method. They fed, 
however, that best results with such a metlrod will be secured when the 
fistula is not more than 1 or 2 mm. in diameter. 

Non-purulent Urethritis. Tin's condition, wliich is also known as 
granular urethritis and cystalgia, is tiiscussed by Ormond,® who states 
tliat it is a benign and very common ailment which is often overlooked. 
He believes that it is a urethrotrigonitis caused prinrarily by congestion 
and secondarily by infection. In tliis condition tliere are urinary 
symptoms but no abnormal urinary findings or else very minor ones. 
The condition is found at all ages after puberty, tliough most frequently 
in middle age. The most common symptoms are frequency of nrination 
and dysuria, more marked during the day, while at times tliere is 
marked urgency. The treatment of the condition consists of dilatation 
of the urethra witii graduated dilators and tlie instillation into tlie 
bladder of a mild antiseptic such as argyrol or mercurochrome once or 
twice a week. Occasionally it may be advisable to apply 10% sili'cr 
nitrate solution to tlie upper urethra and bladder neck. The urine 
should be rendered bland and hot sitz baths or douches often give 
comfort. It should be remembered that recurrences are common, 
sometimes after many months. 

Stricture of the Urethra. Altliough stricture of the male urethra is 
recognized as a common ailment, in the female urethra' stricture lias 
usually been considered an infrequent condition, and for this reason a 
careful examination for its presence is seldom made. In discussing 
this subject W^Tme'® considers any obstruction to the passage of a 
sound that will pass the meatus as a clinical stricture, e.xcept a tumor, 
stone or other foreign body. Obstructions due to scar tissue, not invok- 
ing tlie uretJiral walls, are not strictures although the symptoms are 
similar. The measurements made various investigators show that 
tlie normal meatus measures from 18 to 30 F. and the majority is from 
23 to 30 F. The finding of so many strictures at the meatus which 
ha\'e been reported by other observers suggests tliat they consider the 
“ring” tjqie meatus as a stricture if it is of a caliber less than the average. 
WjTine is not convinced that a “ring” tj-pe meatus should he considered 
as a stricture even when small unless there is otlicr evidence. It is a 
simple matter to excise a small wedge of the posterior portion of the 
meatus for microscopic sections and at the same time effect a cure if 
the size of tlic meatus is the cause, of the symptoms. In 3(5 women 
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he has found ah area of narrowing which was apparently abnormal 
and in tiiose that occurred above the meatus tire narrowing was of 
smaller diameter than the meatus. Gonorrheal urethritis was the most 
common known etiologic factor, although childbirtli caused sufficient 
injury to the urethra in certain instances for stricture to develop. In 
nearly half of tire series the etiology was not determined. As to loca- 
tion, 24 strictures occurred in tlie lower tliird of the urethra; 3 of tliese 
were at tire meatus and 3 just witliin the meatus. There were 3 stric- 
tures of the middle third, 6 were in tlie upper tliird and 3 of these 
involved the sphincter. There was 1 generalized stricture beginning 
a few millimeters above the meatus. There were no multiple strictures 
in tlie series. The complaints of tliese patients were numerous, con- 
sisting most frequently of burning on urination and frequency and of 
less importance were complaints of nocturia, urgency, dysuria, hemat- 
uria and dribbling. Dilatation of the urethra with Hegar dilators was 
performed on the average from 4 to 8 times at intervals of from 1 week 
to 2 montlis. Thirteen women were observed from 1 to 8 years and 
were completely relieved when last seen, 8 were improved and 1 was 
unimproved. Temporary relief was obtained in 3 cases for from 
4 months to 1 year, while the remaining cases in the series have not 
been followed sufficiently to report. Wynne does not believe that 
stricture of the female urethra is by any means a common ailment 
but it is a distinct entity which will usually respond to proper treatment. 

Carcinoma of the Urethra. There have appeared in the literature 
reports of 149 authentic cases of carcinoma of the female uretlira, but 
the case reported by Men\dlle and Counseller'^ is apparently the first 
case of mucoid carcinoma of tlie female urethra which has ever been 
reported. An interesting feature of their case is the appearance of 
inflammatory tissue in tlie specimen removed for biopsy. Since car- 
cinoma of tlie female urethra grows slowly and produces symptoms 
relatively late, it is ‘practically impossible to detect a lesion in its early 
stages. The sjTOptoms and signs are not tjqiical even in the late stages 
of the disease, therefore the only reliable metliod of diagnosis is biopsy. 
Yet, in tliis case it has been shown that it is possible to arrive at an 
incorrect diagnosis even witli biopsy. The dense infiltration of inflam- 
matory tissue along the periphery of the uretliral growth offers a 
satisfactory explanation for tlie inflammatory tissue in the specimen. 
It is interesting to note that the sensation produced by the urethral 
mass in tins case was similar to that produced by a prolapsed uterus 
which had been present 38 years preidously. Of significance is the 
fact that for 15 years difficulty in voiding was, with tlie e.xception of 
one attack of acute retention, and tlie presence of the mass betiveen 
the labia, the only sjTnptom referable to the urethral growth. It was 
also noted that an unusual tjqie of uretliral caruncle was present 14 
years jirei’ious to its ultimate removal, while the absence of induration 
around the uretlira was another interesting fact. It has been estimated 
that tlie average age at which carcinomas of the female urethra are 
seen is 53.4 years. The lesions are eitlier in tlie external part of the 
urethra or involve all of it. Rarely are they in the posterior part of the 
uretlira. These tumors are of slow growth and not infrequently the 
first symptom or sign noted is a metastatic nodule in the inguinal nodes. 
The most frequent symptoms and signs are difficulty in voiding or reten- 
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1933 showed a range from zero to 32%,^ with an average of 12.7% 
deaths. Since the principal groups in this tabulation were collected, 
the rates of experienced American malarial therapists quoted as 0.5% 
(Cole),i 1% (O’Leary),^ 2% (Osborne),^ have fallen to even lower 
figures, such as O’Leary and Welsh’s* last-quoted estimate of 0.57% 
in the final 200 cases, as compared nath 5% in the first 100 treated. 
Jones and Spencer* have reported a series of 47 cases with no deaths. 
On the other hand, a very recent report by Karnosh and Williams,'* 
in a series of 580 patients, returns the mortality practically to the 
average of previous years, namely, 12.7%. In the estimation of 
mortality from fever therapy procedures, a personal equation inevitably 
enters into interpretation, and the figures are markedly aifected by 
the character of the material, which, of course, is much more favorable 
in youthful patients in the early stages of neurosyphilitic involvement 
than it is in late and degenerative material of public institutions. It 
is clear, however, that two things materially affect the mortality of 
fever therapeutic procedures. The first is the experience of the ther- 
apist, and the second is the development of special facilities for the work. 
The very great importance attached to these two desiderata is borne out 
in practically every society discussion of fever therapeutic problems. 
Since malaria remains the least controllable and the most beset by 
complications of any of the fever therapeutic methods, its mortality 
figures may be accepted as representative of the greatest ralher than 
tlie least risk which the patient is asked to assume when his infection 
is treated by non-specific procedures. With the fall in mortality con- 
ditioned by greater experience of fever therapeutic methods, there has 
come a notalile extension of the field of usefulness. Within the. past 
several years, the procedure, at first confined to the treatment of paretic 
neurosjqjhilis, has been extended to asymptomatic neurosyphilis, to 
early sjq)hilis with prophylactic intent, to prenatal s 3 '^philis, especially 
when complicated by interstitial keratitis and obstinate osseous lesions; 
to malignant precocious tertiarism in syphilis, to refractory osseous 
lesions in general, to serologic fastness and even to the treatment of the 
chancre (Kyrle).* This enthusiasm, while understandable, is not always 
commendable. It should be clearly understood that the justification 
for employing a non-specific method in a stage of sjqjhilis such as the 
primary lesion, in which specific methods of known high effectiveness 
already exist, is experimental, and experimental in the direction of 
increasing inaccessibility and difficulty rather than increasing simplifi- 
cation and availability. The emphasis on central facilities, individual 
experience, complicated technique and especially trained assistants 
alone, for the time being at least, raises insuperable objections to the 
attempt to popularize fever therapy for the general treatment of the 
earliest stages of syphilis. 

The notable tendency toward simplification, togetlier with the 
falling mortality of fever therapy procedures, will, however, in the 
future, probably render them increasingly available as adjunct treat- 
ment for refractory aspects of the disease in the above mentioned 
fields. Simplification is taking place primarily through the elimination 
of electrical agents for the induction of fever and by the increasing 
usefulness and safety of certain tjqies of non-specific protein therapy, 
notably with tlie H fraction of tj-plioid antigen. 
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Classification of Methods. A very useful classification of current 
metliods of fever therapy is provided by Tobias/ which is quoted as 
follows : 

1. Inoculation rvith infectious disease: («) Malaria (tertian); (b) 
recurrent (relapsing) fever; (c) sodoku (rat-bite fe^'e^). 

2. Injection of avirulent bacteria and their products: (a) Tubercu- 
lin; (6) typhoid vaccine and its fractions; (c) gonococcus vaccine; (d) 
dmelcos (Bacillus ducrey) vaccine; (c) saprophytic vaccine (neosapro- 
vitan B). 

3. Injection of non-specific chemical and biologic products; (a) 
Sodium nncleinate; (b) milk; (c) peptone; (d) turpentine; (c) sulphur 
(sulphm- in oil, or sulfosin); (/) blood (autohemotlierapy). 

4. Physical measures; (a) Hot baths; (b) diathermy (high-fre- 
quency) ; (c) short wave (radiothermy or oscillothermy) ; , (d) infra- 
red radiation (hyperpyrexator) ; (c) hot air or conditioned air cabinets 
(h 3 q)ertlierm) ; (/) blankets and externally applied heat (hot-water bags, 
etc.). 

Among these raetliods, relapsing fever, rat-bite fever, sodium nucie- 
inate, turpentine and sulphur in oil can be rated as on the decline or 
definitely unsafe; at least so far as American practice is concerned, they 
may be regarded as retired, notndtlistanding occasional fa^'orable 
reports such as tliat of Beckman^ on sulphur. 

Witliin the past 3 years tlrere has been a notable development in the 
popularity and usefulness of typlioid inoculation, made possible first 
by the discovery of Nelson,® tliat di\'ision of tire total dose into two 
successive injections produces a much more delayed attainment of the 
always anno^dng immunity to the bacterial proteins. The fractionating 
of the typhoid organisms into the “M” and “H” portions, witli the 
demonstration of satisfactory reactivity witli minimum complications 
from the use of tlie H antigen has placed tins technique of fever tlierapy 
on a much more satisfactory basis. The demonstration bj”- Simpson® 
and Epstein,^® that heated air alone in tlie first instance, and external 
applications of easily controlled heat by the hot (electric) blanket, 
could produce satisfactory temperature rises and gratif^nng therapeutic 
results, has been a long and important step toward simplification and 
safety. 

None the less, even with the elimination of electrical current passing 
through the body, and tlie awkwardness and inconvenience of water 
baths and the comparative comfort for the patient produced by proper 
attention to his chlorid intake and output and control of his sweating, 
fever therapy has not yet become eitlier a harmless or a simple pro- 
cedure. The maintenance of the body temperature even of a compara- 
tively healtliy human being at high levels for a number of hours inev- 
itably subjects the functional groups of body organs to stresses which 
are estimated Mth difficulty and which may at times lead to embar- 
rassing or disastrous results. 

Modus Operandi. The argument as to tire relative importance of 
histiocj’tosis, phagocytosis and temperature rise as a spirocheticide 
and immunity reaction producer still continues, and has made little 
headway toward settlement as j'et. Since Nonnenbruch’s summary of 
the 16 possible modes of action of a non-specific or fever-producing 
agent in the treatment of disease (summarized by Stokes and ICuIchar),' 
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Neyman and Osborne'* and Bierman and Fishberg'^ have made-contribu- 
tions to the physiologic reactions of tire human body under, pj'reto- 
therapy. The particularly extended study by tire latter autliors showed 
increases in the actiwty of the cooling mechanism, including rising 
skin surface temperature and increased sweat output, the surface 
temperature being lower than tliat in tlie_ interior of the body (short- 
wave radiation tlierapy). Increases as high as 400% in the velocity 
of blood flow were observed, and the average increase of pulse rate Avas 
8.5 beats per minute for each degree of Fahrenheit temperature eleva- 
tion. Systolic blood pressure usually shows a slight elevation followed 
by a gradual fall to a point below tlie original level. A free intake of 
fluid, when allowed, maintains tlie Aveight at approximately the pre- 
treatment level and maintains the blood Amlume and blood Auscosity. 
Apneic periods AA^ere observed in the respiratory rhythm, and the pH 
of the hlood increases. Leukocytes shoAv an initiaHall of 25% to 30%, 
folloAved by a leukocytosis amounting to approximately 80% aboA^e 
the initial figure, AAuth a great increase in the staff neutrophils and the 
appearance of immature forms indicating a stimulation of the bone 
marroAv. The leukocytic response declines AAuth repeated stimulation. 
A high sedimentation rate tends to fall as the temperature rises. Bier- 
man and Fishberg,'^ as a result of tlieir studies, emphasized the impor- 
tance of the elimination of lactic acid tlirough tlie SAveat in the mainte- 
nance of the fever-treated body in acid-base equilibrium. Patients 
under feA^er therapy may reach an extreme degree of alkalosis, the pH 
of the blood reaching levels as high as 7.6. The enormous loss of 
chlorid through the SAA'eat results in a chlorid-poor urine and a practi- 
cally total cessation of the secretion of free hydrochloric acid in tlie 
stomach. A great increase in hemoglobin in response to tlie heightened 
oxygen demand of tlie patient in feA’-er was observed. The authors 
mentioned A’-ery briefly and AA’ithout emphasis the thermoletlial effect of 
fcA-er on bacteria; tliey .point oiit tliat there is a reduction in tlie com- 
plement-fixing titer of the serum of indiAuduals suffering AAuth gonorrhea 
under fever therapy, and tliat similar reduction in the complement- 
fixing antibody of A'ariously immunized rabbits has also been noticed. 
Nejmian and Osborne" pointed out tlie slowness of the rise of tempera- 
ture under externally applied heat, and state tliat the atmosphere 
surrounding tlie skin should not be allowed to rise in temperature 
above 130° F. unless the air is kept in constant motion by means of a 
bloAver or turbine. Blanket temperatures above 120° F. are regarded 
by them as dangerous. The deep body temperature is some 2 degrees 
higher than the subcutaneous temperatures of tlie thorax and abdomen. 
The autliors believe that it should be possible to maintain tlie tem- 
perature of 42° C. for 1 hour, or 41° C. for tAvo hours, AAithin the bodj% 
AA'hich is necessary to destroy the Spirodireta pallida. In their discus- 
sion of tlie physiologic reactions to A'arious tlierapeutic techniques, 
these authors state tliat cyanosis, the beginning failure of tlie respiratorj’’ 
apparatus, and a great tendency toAA’ard heat prostration is noticed in 
the more exhausting blanket treatment, as contrasted AiTth the diather- 
mic or radiotliermic therapy. 

Malarial Therapy. 5\liile malaria AA’as originally introduced for the 
treatment of parenchjTiiatous neurosjqihilis, particularly paresis, tliere 
is a groAA'ing tendency to enlarge the scope of its usefulness. Freeman'^ 
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believes that those t^T^es of neurosyphilis wliich show minimal clinical 
signs in association with positive serologic reactions respond best to 
tlierapeutic malaria, and the author has seen the highest percentage 
of good results with asymptomatic neurosyphilis, paresis sine paresi," 
early dementia paralytica, early tabes and basilar meningitis. He is 
not entlnjsiastic for the results obtained in late tabes, ad^'anced demen- 
tia paralytica, optic atrophy, nerve deafness, ^'ascidar occlusions and 
congenital neurosjTihilis. O’Leary’^ believes that asymptomatic neuro- 
syphilis, whieh is to be anticipated in about one-fifth of all cases of the 
disease, and in whieh an adequate defense mechanism is apparently 
lacking against subsequent parenchymatous involvement, responds par- 
ticularly favorably to the influence of malarial therap^^ which is able to 
prevent parench3TOatous neuros.vphilis from developing in at least 
50% of the patients. Ambler and Van Cleve'® are enthusiastic about 
the results obtained with malarial theriip^’’ in sj’’philitic interstitial 
keratitis. In tire past G \"ears the authors have treated 17 patients 
witli inoculations of malaria with uniformly" excellent results. Corneal 
opacities seem to be more completely and rapidlj’- absorbed than with 
anj'’ other type of therap.v, and no better results were obtained in 
patients who had had previous antisjnphilitic treatment than in tiiose 
who had had none. Recurrences were noted in 2 cases, occurring a fe^v 
■weeks after the inoculation of malaria, and responded well to the usual 
antisyphilitic treatment. In 5 patients, one eye oni^v was involved 
when malarial treatment was begun, and the second e^^e did not become 
involved in any of them. There were no fatalities, 

O’Leary'’ and "Welsh- report the experience of the senior author in the 
treatment of nearty 1000 patients witli malaria over a period of 9 3'ears. 
Stress is laid on certain disadvantages of treatment with malaria which 
have prevented the method from iiecoming used as a routine in cases 
of neurosjqjhilis. In 10% of the patients inoculated it w'as impossible 
to induce chills and fever, owing to 'an immunity to the infection. 
The tlierapeutic use of fever is contraindicated in the case of a debili- 
tated sj’philitic patient or in the presence of advanced disease in 
of tlie Htal viscera. "^Miile the original mortality rate was high, the 
authors now believe that death from treatment b^- malaria should 
occur rare]}' and onty as the result of some accident. In the past 
4 3'ears of the authors’ experience, the mortality rate has fallen to 
0-57%. Occasionally a patient with dementia paratytica is made worse 
by treatment, in tlie authors’ series the clinical s^miptoms being accentu- 
ated in 2.2% of the cases in Avhich dementia paral.vtica, according to 
clinical evidence, was present. Of the ISG cases in which the clinical 
signs of advanced dementia paralytica were sufficient to warrant hospital 
care, a complete remission developed in 35%, and an additional 35% 
of patients were sufficiently benefited to be permitted to go to their 
homes. In 42% of tire cases in which the spinal fluid was rec.vamined 
recentl.v, tlic test was found to be reversed and completely' negative in 
all respects. The authors expressed it as their observation tliat in 
more than tiircc-fonrths of tlie cases of asymptomatic dementia par- 
alytica the clinical progress of the disease was iirrcsted. Following 
treatment, the serologic tests of spinal fluid became reversed to complete 
negativity in almost half of the cases of asymptomatic neuro-syphilis, 
in which routine measures had previously failed to liai'C a fai'orable 
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influence on serologic characteristics. The results in the treatment 
of the tabetic forms of dementia paralytica and tabes dorsalis were 
likewise favorable in about half the cases, wliereas among serologically 
negative tabetic patients with resistant complications, the crises and 
pains in the legs were onlj’’ slightly benefited. Solomon^® has observed 
174 patients following malarial tlierapy and confirms the figures of 
O’Leary in reporting that 65 (37.3%) were sufficiently improved to be 
able to resume work, while 22 (12.6%) were improved but not self- 
supporting. This means that about half of the patients were so 
improved that tliey were able to live in a normal community. Solomon 
believes that the amount of subsequent treatment and time play an 
important part in tlie serologic results. There is no complete parallel- 
ism between clinical and serologic results, and a negative reaction to 
tests of the spinal fluid is necessary before treatment can be discon- 
tinued. MacDowelfl’ believes tliat a gain in weight following malarial 
therapy has considerable prognostic significance, the more gradual the 
gain tire more favorable and lasting tlie result. The author believes 
tlrat the benefits derived from therapeutic malaria are of a practical 
nature, inasmuch as the patients who improve are able to engage in 
useful pursuits about the hospital even when not sufficiently recovered 
to be discharged and become self-supporting. Those who die, on the 
other hand, are spared a lingering death and gradual destruction of 
body and mind, and are usually in bed only a few weeks instead of 
montlis which was formerly tlie coimse which these cases pursued. 
Holzer,^® in 2S0 cases in which malarial treatment was ad^^sable, found 
contraindications existing in 28%. These included trauma and opera- 
tions on the skull, epilepsy, alcoholism, psychoses, heart disease, pul- 
monary, renal and other severe organic diseases. These figures 
indicate the need for critical selection before malarial treatment is 
instituted. 

Foreign Proteins. The dangers and limitations attending the use 
of malaria have stimulated interest in the past few years in other 
means of producing hyperpjTexia. Typhoid vaccine has been re'cog- 
nized for some time as a safe and convenient method of inducing fever, 
as indicated by tlie work of O’Leary,'® Kemp and Stokes®® and others, 
but tlie difficulty of producing a. sufficiently high fever comparable to 
that of malaria has been a serious drawback to its more general adop- 
tion. This has been largelj' overcome, however, by the suggestion of 
Nelson,® that a second injection of vaccine, given at the height of the 
fever produced by the first, is capable of inducing fever sufficiently high 
to be of therapeutic value. Recently Driver and Shaw®' have studied 
19 patients Yntli neurosjTihilis and 2 with resistant sjqihilis associated 
with interstitial keratitis and iritis by the divided method of Nelson. 

The technique adrised by the authors is as follows: Fresh commercial 
typhoid vaccine was used, containing 1 billion organisms per cc. 
One cc. of the vaccine is added to 9 cc. of physiologic solution of sodium 
chlorid. One cc. of this mixture contains 100 million killed organisms. 
If a Iresli vaccine is used, smaller doses are required. As a general 
rule, treatment is given on alternate days, although it can be given 
on successive days, providing the temperature has returned to normal, 
the reactions are well sustained and there are no otlier contraindications. 
I emperaturcs are taken rcctally every half hour until the temperature 
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has risen to 104° F., and then every 15 minutes until it falls to 104° F. 
again. Thereafter the temperature is recorded hourly until normal. 
It is advisable to avoid the use of antipyretics for the relief of headache 
and other symptoms during tlie course of the treatment, as they may 
greatly diminish the fever reaction. 

The first dose is given at any convenient time, preferably in the 
morning, followed by a second dose after the temperature has reached 
100° F. or above. The interval between doses should not be less than 
2 hours, and an interval of 3 to 6 hours is entirely satisfactory, providing 
the temperature has not dropped back to normal by tiiat time. A 
course of treatment may consist of any number of reactions. As many 
as 10 to 16 have been given. Subsequent courses may be given to 
a patient Avith an equally satisfactoiy result after an interval of weeks 
or months. The initial dose of the vaccine rarely exceeds 10 to 15 mil- 
lion organisms. The authors believe that the method is an excellent 
substitute for malaria treatment and brings satisfactory fever therapy 
within the reach of a still larger group of patients suffering from neuro- 
syphilis. Several courses of treatment can be ' given witliout tlie 
establishment of a permanent immunity and chemotlierapy can be 
combined udth it if desired. Higher temperatures made possible by 
this metliod clearly demonstrate the advantage obtained over the 
older method of inducing fever by the injection of typhoid vaccine. 

Recently attention has been focused on tlie typhoid “H” antigen 
vaccine for debilitated patients who cannot stand the severe systemic 
reactions produced by whole typhoid vaccine. Schnitker^" has treated 
25 patients Avith dementia paralj'tica physically unsuitable for treat- 
ment Avith malaria, full typhoid A'accine, or diathermy Avith typhoid 
“H” antigen (flagellar) alone and in combination Avith tryparasamid, 
and believes fiiat the systematic serologic improA'ement obtained by 
this method compares favorably Avith .the results secured Avith otlier 
forms of fever therapy. It has the folloAA'ing advantages : («) Although 
the hyperpyrexia equals that obtained Avith full typhoid vaccine, the 
concomitant illness is far less severe, {b) It does not involve super- 
imposing a second and perhaps lethal infection on an already existing 
one, as Avith malaria, (c) It does not involve the risk of burns and 
renal damage, as Avith diathermy, (d) The contraindications are but 
four, namely: (1) Severe cardiorenal disease; (2) active pulmonary 
disease; (3) severe cachexia; (4) acute infections Avith a rapid sedimenta- 
tion rate. 

Furtliermore, tlie administration and control of this method of treat- 
ment is simple, and may be adopted by tlie general practitioner, both 
at the hospital and in tlie home. In the experience of the author, it 
lias not been associated AAuth complications or sequelie. The injections 
are given 3 times a Aveek, intravenously, the initial dose used being 
50 million organisms (killed bacilli equivalent). H antigen builds up ’ 
a partial immunity as does AA-hole vaccine, and increasing doses must 
be giA'en at subsequent injections. The dose at the second injection 
is usually 200 million organisms, and after the third, 400 million, the 
number advancing 200 million per time up to the sixth injection (1 bil- 
lion organisms). After this it is found better to increase the dose by 
400 million organisms. Doses as high as S billion organisms have been 
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given. Patients who develop* an immunity to the vaccine or wdio were 
initiallj'^ immune because of antecedent tj^ihoid were given paratj'^phoid 
A antigen H with good results. 

Electrical and Other Physical Methods. During tlie past 6 years 
the increasing recognition of tlie fact that the common denominator of 
all metliods was fever production, is largely, if not entirely, responsible 
for the striking clinical results which have been obtained by tire use 
of the electrical metliods of fever production. Neyman and Osborne, “ 
King and Cocke, Schamberg and ButterwortlP** and otliers have shown 
that diathermy in the treatment of paresis produces results comparable 
to that obtainable by malaria and other measures. Freeman, Fong and 
Rosenberg,25 on the other hand, found diathermy much less effective 
than malaria. Among 50 patients treated with diatliermy no remissions 
occurred, and while 10 patients improved, subsequent relapse was 
commonly observed. Since 1931, Simpson, Kislig and Sittler® have 
been engaged in an investigation of the influence of an ultra-high- 
frequency field on neurosyphilis and other chronic infections. The 
essential difference between a 1-kw. radio transmitter and the apparatus 
used for tlierapeutic fever production is that the energy is concentrated 
between two large condenser plates instead of being directed from an 
aerial. The term “ radiotiierin ” has been applied to this altered radio 
transmitter. The heating effect is produced by a vacuum tube oscil- 
lator, composed of two 500-watt radiotrons, producing a high-frequency 
field of approximately 10 million cycles per second (30-m. waves) 
between the condenser plates. The radiotherm differs from tlie diatli- 
erin used for fever production in tliat it operates at a frequency approxi- 
mately 10 times as great. The spark gaps of diathermy produce 
damped waves, while the vacuum tube oscillator of radiotliermy 
produces an even flow of continuous waves. In fever production by 
diathermy, alternating currents of high frequency pass between two 
large electrodes applied directly to tlie skin surfaces of the anterior 
chest wall, abdomen and back. If the electrodes are not maintained 
in direct contact with the skin surface, arcing occurs, resulting in skin 
burns. 

In fever production by radiotliermy the patient merely lies, on a 
stretcher between the condenser plates; no electrodes are applied to 
the skin surface. However, short radio weaves are concentrated in the 
drops of sweat which accumulate on the sldn surface, occasionally 
producing arcing and burning, and consequently it became necessary 
to devise some means of allowing tlie patient to rest comfortablv in an 
insulated air-conditioned cabinet (“ Kettering hjqiertlierm ”). This has 
non been accomplished, and by passing a column of heated air over and 
under the patient it is possible to dissipate tlie sweat as it reaches tlie 
skin surface. Ordinarily it requires from 30 to 60 minutes to raise 
tenqierature from tlie normal level to the desired height 
(105 to 106 1'.). Temperature, pulse and respiratory rate are 

recorded liefore the treatment is begun and every 10 to 20 minutes 
during the course of treatment, and a high degree of individualization 
is necessary because of the lack of uniformitv in response to fever 
production by high-frequency methods. While formerly it was the 
custom of the authors to remove the patient from tlie cabinet as soon 
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as the desired temperature was obtained, subsequently maintaining- 
tlie temperature by the use of heated blankets and flexible rubber 
electric pads, it is at present found advantageous to tire patient’s 
comfort to allow him to remain in the air-conditioned cabinet through- 
out the entire 5-hour febrile period. Simpson and his co-workers 
observe tire following contraindications for the employment of sustained 
artificial fever: advanced age, myocardial or renal insufficiency, active ' 
tuberculosis, aortic aneurysm, or rapidly progressive late neurosyphilis. 
The sense of e.xhaustion commonly experienced by many patients can 
largely be overcome by supplying large quantities of chlorid-containing 
fluids both during and immediately after treatment, and the institution 
of the chlorid-replacement regimen has materially cut the time during 
which the patient has to remain in tlie hospital following the return 
of the temperature to the normal level. In 36 patients with some form 
of neurosyphilis the authors found that their results compared favor- 
ab]y ndtli those obtained with other non-specific measures. While 
sufficient time or experience does not as yet permit a full evaluation of 
such treatment, the practical difficulties and the expense of tlie equip- 
ment involved, necessarily resti'icting its use to centers of investigation, 
it is probable that radiothermy represents a distinct advance in tlie 
pyretotherapy of neurosyphilis, and when reduced to a more available 
status may eliminate some of the more dangerous methods now in use. 

In a more recent article by Simpson,-^ the results of treatment of 
117 syphilitic patients are recorded. The course of treatment was 
completed on 87 of the group. The best results were obtained by com- 
bining specific therapy witli at least 50 hours of sustained fever at 
approximately 106° F. Fever treatments were usually given weekly 
for 10 weeks, with 5 hours of sustained fever at each treatment. The 
antisyphilitic drug was injected § hour before each fever treatment. 
After completion of tlie course, specific chemotherapy was employed at 
weekly intervals for 20 weeks. On 16 patients with dementia par- 
alytica, 12 obtained complete clinical remission, 2 improved greatly, 

2 showed moderate improvement and 1 demented patient was not 
improved. The spinal fluid reactions to tlie Wassermann and Kahn 
tests were reversed to negative in 6 cases. The blood serologic reactions 
were reversed to negative in 8. Among a group of 7 patients with tabo- 
paresis, subsidence of root pains occurred in all. Two ex-perienced 
recurrence of tlie pain, but this was controlled by further treatment. 

In 4 of 5 patients vdth ataxia the gait improved, 1 being restored to a 
normal gait. In 9 patients witli tabes dorsalis, root pains, in the form 
of crises or lancinating pains, ivere abolished in all. In 1 patient the 
symptoms of cord bladder -were overcome. The spinal fluid reactions 
were reversed to negative in 2, became less positive in 3 and remained 
positive in 4, while tlie blood reactions to the Wassermann and Kahn 
tests were reversed to negative in 4 instances, became less positive in 3 
and remained positive in 2. 

Epstein and Cohen*® report a simple metliod of producing hjqierpy- 
rexia by carefully ^Tapping the patient in blankets and rubber sheeting. 
Oral temperatures of 104° to 105.8° F. may be produced and maintained 
for 6 hours by tin's means.' The advantages are that it is cheap, tliere 
is no danger of electrical burns and it is less exhausting to the patient 
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than diathermy or the cabinet. Furtliermore, it is easily transported, 
thus making it available to patients in private wards of general hospitals. 
Wilgus and Kuhns^^ also are entlmsiastic for the use of^ the electric 
blanket. They report the results obtained among 500 patients treated 
with 5 different forms of fever therapy at the Elgin State Hospital and 
the State of Illinois Psychopathic.Institute as follows: Typhoid vac- 
cine: improved, 52%; unimproved, 28%; worse, 20%. Sulphur in 
oil: improved, 58%; unimproved, 21%; worse, 21%. Malaria: im- 
proved, 66%; unimproved, 20%; worse, 14%. Diathermy: improved, 
72%; unimproved, 11%; worse, 17%. Electric blanket: improved, 
78%; unimproved, 15%; worse, 7%. 

Wagner-Jauregg,^^ the father of malarial therapy, cautions against 
accepting various electrical methods for fever production with too 
much enthusiasm, inasmuch as so little is at present known regarding 
the permanency of remissions obtained by these measures. He is, 
indeed, inclined to doubt whether they will be permanent, because 
treatment with the radiotherm in his experience had little effect on 
spinal fluid reactions. He believes that treatment with radiotherm 
may prove particularly valuable in the treatment of late tabes with 
positive spinal fluid and may prevent the development of general 
paralysis. The method does have some advantages over malaria, 
however, in his opinion, namely, the absence of danger of the transmis- 
sion of other diseases and the shorter interval of hospitalization involved. 
Furthermore, tlie height of the temperature can be controlled and 
treatment can be distributed over a longer period of time tlian is 
possible with malaria. The costly apparatus, however, and a trained 
personnel do not at present make the method as practical as malarial 
therapy. 

It is apparent from the above summary of recent literature that 
induced fever has unquestionably established itself as a valuable and, 
indeed, at times, indispensable aid in the treatment of certain phases 
of syphilis. While tire choice of method is still unsettled and each 
seems to possess certain disadvantages to counterbalance its merits, 
continued research in this field will undoubtedly give us a safe, practical 
and relatively inexpensive method of producing hyperpyrexia. 

John H. Stokes, M.D., 
Vaughn C. G.\rner, M.D. 
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ORIGINAL ARTICLE'S. 

INFLAMMATION AND BACTERIAL INVASIVENESS. *t 

By Valy Menkin, M.D., 

INSTRUCTOR IN PATHOLOGY, HARVARD UNIVERSITY MEDICAL SCHOOL, 

BOSTON, mss. 

I PROPOSE to discuss some observations gathered during the past 
few years concerning the relationship of inflammation to immunity. 

Inflammation, broadly deflned, is the complex vascular, lympha- 
tic, and general tissue response to the presence of an irritant. The 
development of the inflammatory reaction consists of a series of 
dynamic and sequential changes which tend to localize and ulti- 
mately dispose of this irritant. It is with a study of some of these 
changes that we have been engaged. 

Several years ago it was found that Avhen a \dtal dye, trypan blue, 
is injected directly into the subcutaneous tissues of a rabbit, the 
dye rapidly diffuses into the tributary lymphatics, so that if these 
regional vessels are cannulated, the lymph is stained intensely with 
the dye. If, on the other hand, the same dye is injected into a 
prepared area of inflammation induced by a chemical irritant such 
as aleuronat, the dye fails to penetrate to either the draining h'mph- 
atic vessels or the regional lymph node.^ The dye has e^^dently 
been fixed in the inflamed area. Furthermore it was observed that 
there is an important time relationship in this connection. The 
dye was found fixed as early as 30 minutes after the subcutaneous 
injection of aleuronat as an irritant. I shall refer to this fact later 
on, and to the importance of this early retention of foreign sub- 
stances at the site of an acute inflammation. Subsequent experi- 
ments showed that the intravenous injection of this dye is followed 

* -Address delivered before the Philadelphia Patholopical Society, March 14, lO.lo. 

t These studies were aided by grants from the DeLamar Mobile and the Wellington 
Memorial Rese.arch Funds, 
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by a rapid accumulation of trypan blue in the inflamed focus. 
Studies revealed that this accumulation is in part due to the increased 
capillary permeability in inflammation, and also, as just pointed 
out, to the inability of the dye to drain outward into the regional 
lymphatics. 

The extent of increased plasma filtration due to capillary injury 
and increased capillary pressure at a point of injury is open to quan- 
titative measurements.^ By means of a vital dye, it was shown 
that with certain inflammatory irritants the normal permeability 
of capillaries is increased about twofold.* Particulate matter 
which is unable to pass through the normal capillary endothelium 
readily passes through the lining of such channels in an inflamed 
area.® The increased permeability of eapillaries in inflammation 
is an initial reaction. It has been detected as early as 2 minutes 
after the injection of certain irritants. 

These findings are applicable to microorganisms. When bacteria 
such as B. prodigiosus or B. pyocyaneus, are injected into the circu- 
lating blood stream, they localize and are recovered from foci of 
inflammation in greater numbers tlian from surrounding normal 
tissues. This was found by culturing inflamed skin areas and by 
comparing the number of colonies obtained with those recovered 
from corresponding normal cutaneous regions. Bacteria when 
injected directly into an area of injury are likewise fixed in situ 
precisely as in the case of the vital dye described previously, and 
these microorganisms fail to disseminate to the tributary lymphatics 
as readily as they do under normal circumstances. The frequent 
localization of bacteria from the blood stream in a loais minoris 
resistenticB, after preliminary trauma or other injury to tissue, is 
well known to pathologists and clinicians. Osteomyelitic conditions 
are the frequent consequences of such preliminary injury. My 
observations on the accumulation of bacteria in an inflamed area 
from the circulating blood stream may explain the mechanism of 
this phenomenon in terms of increased capillary permeability with 
subsequent accumulation and fixation of bacteria at the point of 
injury.® 

Since antibodies are regarded as being closely associated with 
globulins, the demonstration of an increased concentration and of a 
retention in inflamed tissue of foreign proteins from the blood 
stream would obATousl^^ be significant in coimection with the role 
of antibodies in specific infectious processes. A series of experi- 
ments revealed that horse serum injected into the circulation accu- 
mulates at the site of an acute inflammation from which it fails to 


* The term "permeability” as employed in this discussion and in pre\-ious com- 
munications refers to the degree of filtration through the capillaiy ivall. It is, how- 
ever, understood that the increased filtration in acute inflammation involves as one 
of its most important factors an injury^ to the endothelial wall with incre.ased per- 
meability of the membrane as indicated by the passage of particulate matter. 
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drain away readily.^ The fixation of this foreign protein was found 
to be distinctly more pronounced in inflamed cutaneous tissue than 
in a corresponding irritated perionteal cavity. These observations 
formed the basis for an explanation of the local anaphylactic phe- 
nomenon described several years ago in the ear of the rabbit by 
Auer.^’^ 

Shwartzman described the reaction that occurs when a filtrate 
of B. typhosus is injected into the skin of a rabbit. Twenty-four 
hours later when the same filtrate or a filtrate of a non-related 
organism, such as the meningococcus, is introduced into the cir- 
culating blood, hemorrhagic necrosis frequently appears at the site 
of the cutaneous injection.® In 1931, on the basis of the aforemen- 
tioned studies on the accumulation and fixation of foreign proteins 
at the site of inflammation, I suggested that the intense cutaneous 
reaction following the intravenous injection of a bacterial filtrate 
may be the result of an accumulation of this substance in an area 
of skin already inflamed.’ The reaction does not necessarily have 
to take place with all bacterial filtrates or with all types of inflam- 
matory irritants. The degree of permeability of the capillaries 
and the optimum synergistic action of two irritating substances on 
one another may modify the final manifestation. That the bac- 
terial filtrate or other reacting material which is injected intra- 
venously in order to induce the local skin reaction, may be chemic- 
ally altered while in the circulation is perfectly possible. However 
this in tto way modifies my original suggestion that the Shwartzman 
phenomenon may be conceived of as a non-specific reaction resulting 
from the accumulation in an inflamed area of an irritating substance. 
Sickles demonstrated that, following the cutaneous injection of a 
bacterial filtrate, intravenous injection of agar produces the tjqiical 
hemorrliagic manifestation described by Shwartzman.® This 
observation is in accord with the view that the phenomenon is a 
non-specific reaction. The histological studies of Karsner and 
hloritz,® and the more recent -work of Freund’® on the 'guinea pig, 
where silver nitrate was employed as the preparatory factor, have 
essentially confirmed by original vievqioint.* It is interesting to 
note in this connection that, although Shwartzman himself believes 
that the explanation here offered is untenable, this investigator has 
as yet produced but meager evidence to disprove this hj'pothesis. 
By diluting the skin preparatory factor, Shwartzman notes no 
detectable ii^ammatory reaction by gross examination prior to the 
intravenous injection of the filtrate. And yet a striking hemorrhagic 
and necrotic lesion is often elicited several hoins after the intra- 
venous injection of the bacterial filtrate.” The absence of gross 
evidence of inflammation at the prepared skin site does not neces- 

It is io Lc noted that w-ith the CNccption of Freund’s work with silver nitrate in 
V lie 1 1 C o itamcd the Shwartzman reaction in about half of his Ruinea pigs, the skin 
prcjiaratory ractor has m all cases been a bacterial filtrate.” 
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sarily indicate that the capillary wall is normal. As previously 
pointed out , 12 the increase in the permeability of capillaries in 
inflammation may occur extremely early and may in many instances 
produce little, if any, change that is detectable by gross or even 
microscopic examination. An increase in the functional filtration 
through the capillary endothelium, as indicated not necessarily by 
morphological evidence, but rather by the ability of foreign mate- 
rials from the blood stream to accumulate in the prepared area, 
would adequately explain the Shwartzman phenomenon as a type 
of inflammatory reaction induced- by the superimposition of an 
irritant concentrating from the circulating blood in a previously 
inflamed area. 

The studies on accumulation and fixation of foreign proteins 
in inflamed tissue suggest perhaps a possible explanation for the 
phenomenon of the focal reaction in tuberculosis. When tuberculin 
is introduced into the blood stream of an animal with a tuberculous 
lesion, an intense inflammatory reaction may develop in the lesion. 
The mechanism of this focal reaction in tuberculosis is not under- 
stood. It is coneeivable, in view of the experiments with horse 
serum, that in a like manner, tuberculoprotein may accumulate 
from the blood stream in the inflamed tuberculous lesion and, by 
its presence there, induce a local inflammatory reaction, . 

As was pointed out 3 years ago, these studies on proteins suggest 
the important rdle which circulating antibodies may play in the 
early stages of specific inflammatory reactions. For by their 
accumulation and fixation in such foci they doubtless play a sig- 
nificant part in reinforcing cellular factors which ultimately dispose 
of the irritant. The earlier studies of Opie on the Arthus phe- 
nomenon demonstrated clearly the protective action resulting from 
the fixation of the antigen at the site of the anaphylactic inflamma- 
tion.i^ In tins connection the recent interesting work of Rich and 
McKee' ^ is noteworthy. These investigators showed that following 
the cutaneous reinoculation of pneumococcus Tjqoe I in animals 
immunized to that organism, an agglutinative response occurred 
in the tissue. It remains to be seen whether the agglutinative ele- 
ments described by these workers are not in part the result of a 
concentration in the skin of antibodies from the circulating blood 
stream, owing to an increased capillary permeability following 
bacterial inoculation. 

The mechanism of fixation Avhereby foreign substances or bac- 
teria fail to disseminate readily from an acutely .inflamed focus is 
referred primarily to an obstructir^e barrier in the form of thrombosed 
l\-mphatics and coagulated plasma in tissues distended with edema.' “ 
Time does not permit description of the various experiments to 
substantiate this concept. The important evidences in this con- 
nection AA-ill lie mentioned briefly. 

In the first place phagocytosis does not play a significant role 
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in the reaction of fixation. This phenomenon occurs so early after 
the introduction of an irritant tliat there are still relatively few 
leukocytes present at the time. Furthermore microscopic studies 
at this period fail to reveal any trace of the phagocytosed material 
tested. Yet these foreign substances are prevented from reaching 
the regional lymph nodes. 

, Microscopic examination of such acutely inflamed areas reveals a 
tissue distended with coagulated plasma. The presence of a fibrin- 
ous meshwork forms a conspicuous feature of the injured part. 
Careful observation of small vessels invariablj" brings to view many 
of the lymphatics either completely or largely occluded by tlu-ombi 
consisting of a delicate fibrinous reticulum. In the later stages of 
the reaction, many leukocytes are found embedded in its meshes. 

Subsequent experimental evidences substantiated this concept 
of mechanical obstruction to account for the inability of foreign 
substances or bacteria to disseminate from an inflamed focus. 
For instance, it was reasoned that if this were the case, a testing 
substance, such as a dye or bacteria, would, when injected at the 
periphery of an inflamed area, fail to enter it. This was found to be 
the case.®''® 

The concept of mechanical obstruction was further established 
by a chemical test. Concentrated urea in vitro prevents the coagu- 
lation of blood, owing to its protein solvent action on fibrin. Pre- 
formed fibrin also tends to go into solution fairly readily in the pres- 
ence of a sufficiently concentrated solution of urea crystals. Yffien 
this substance is injected into a rabbit simultaneously with an in- 
flammatory irritant, the reaction of fixation is inhibited. In such 
experiments the lymphatics are found unoccluded by thrombi, thus 
adequately accounting for the free drainage of substances from the 
inflamed area.'® 

The foregoing observations have offered a means of studying the 
meclianisni to account for the differences in the invasive ability of 
various pyogenic organisms.'®-'^ 

The intensity and rapidity with which an inflammatory irritant 
is circumscribed in a tissue area varies with the type of irritant. The 
speed with which an irritant causes a region to be walled-off by 
mechanical obstruction in the form of tlrrombosed lymphatics or a 
fibrinous network or both is necessarily an important index in deter- 
mining its ability to disseminate ultimately into the circulating 
blood. This holds true if the irritant per se can readily drain tln-ough 
lymphatic vessels from the site of inoculation. Tliat bacteria dis- 
seminate from the site of inoculation through IjTnphatics lias been 
frequently demonstrated. It follows from tliis tliat if bacteria are 
employed as inflammatory irritants some information may be 
obtained concerning the invasive capacities of different micro- 
organisms. This would depend on the tjqie of inflammatory reac- 
tion which a given microorganism induces in the host. Pathologists 
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and surgeons are familiar enougii with the localizing tendency of 
staphylococcus in contrast to the invasive property of the strepto- 
coccus. Can the behavior of various pyogenic organisms in tissues 
be related at least in part to their respective abilities of creating 
an early inflammatory reaction at the site of their inoculation which 
would tend to prevent, by the mechanism previously described, 
their dissemination to the tributary lymphatic nodes? It has been 
pointed out in a former communication that when a. vital dye is in- 
troduced into an area at various intervals of time after bacterial 
inoculation of this site, the degree of walling-oft' of the infected focus 
may be determined by the extent to which the dye can drain into 
the regional lymphatics or, for that matter, ultimately into the 
blood stream. This method can perhaps be used as a clinical test 
to determine the patency of Ijnnphatics, or, in other words, the 
degree of walling-off of an area of inflammation such as a pyogenic 
abscess or an inflammatory reaction in a cavity, whether the peri- 
toneal, pleural, or joint cavity. 

The observations presently to be described represent a com- 
parison of three pyogenic cocci; S. axireus, Strep, hemolyticus, and 
Tj’pe I pneumococcus with regard to the rapidity of retention of 
trypan blue at inflammatory foci induced by these respective organ- 
isms.^- The significance of such data in regard to an understanding 
of the invasive properties of these microorganisms will be pointed 
out. 

When trypan blue is injected into the skin of a rabbit immed- 
iately after the inoculation of Staph, aureus, the dye readily diffuses 
to the regional ljunphatics. If, however, an interval of only 1 hour 
elapses between the injection of the bacterial irritant and that of the 
dj^e, the latter fails to drain into the Ijunphatics. An area of inflam- 
mation induced by the staphylococcus organism becomes evidently 
very rapidly circumscribed. Microscopic studies fully substantiate 
this fact for lymphatic lumina are found occluded by fibrinous 
thrombi. In many areas, the injured tissues are distended by 
coagulated plasma. 

In the case of Type I pneumococcus, the dye continues to reach the 
lymphatic nodes until a somewhat later stage, i. e., about 6 hours 
after the inoculation of the microorganisms. Here again this 
observation is correlated by the finding of occluding tlwombi in 
lymphatics. It is of interest to note the absence of fibrin in the 
extracapillar 3 ' spaces of the skin of these infected rabbits. 

The prompt walling-off response on the part of staphjdococcus is 
contrasted with the delaj'ed reaction of fixation in the case of the 
hemoljffic streptococcus. Warn these organisms are inoculated 
into the cutaneous tissues of rabbits, trypan blue freely drains from 
the site of bacterial inoculation to the regional IjTOphatic vessels 
for almost 2 days. Throughout this period the lymphatics are 
patent, as eindenced both by their normal functiom'ng and by 
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the distended and almost unoccluded state of their lumina. About 
45 to 50 hours after the initial inoculation of the streptococcus, 
microscopic examination reveals plugging of lymphatics by dense 
leukocytic tlirombi. At this time the area of inflammation is 
eft'ectively circumscribed, for trypan blue injected into such an 
area is fixed and is unable to drain to the regional lymphatic nodes. 
These observations, recently confirmed by Dennis and Berberian,^® 
present an interesting paradox. Staphylococci produce in general 
little systemic effect owing to their intense local injurious reaction 
which fixes them in sihi. Streptococci produce profound general- 
ized effects on the organism as a ivhole because of their compara- 
tively mild local reaction which allows them a relatively free 
penetration to the essential organs. 

It is improbable that the interesting observations of Tillett and 
Garner on the fibrinolytic activity of hemolytic streptococci can 
offer an adequate explanation for this delayed fixation of trypan 
blue.i® Their own findings definitely show that this lytic effect 
fails to take place with the plasma clot of the rabbit which was the 
animal used in our studies. It is noteworthy that Dennis and Ber- 
berian have attributed the delay of the inflammatory fixation in 
the presence of streptococci to the production of fibrinolytic sub- 
stances.^® Further studies, however, have caused these investigators 
to abandon this explanation.®® 

It is more likely that in the case of human streptococcal infec- 
tion the dissolution of fibrin acts as a synergistic agent to a more 
fundamental factor which holds true for both human and rodent 
types of infection. 

Studies now in progress support this point of idew. The Berke- 
feld filtrates of several-days-old broth cultures of S. anreiis induce 
an acute inflammatory reaction in the skin of rabbits which 
promptly causes retention of trypan blue (Table 1, Fig. 1).* The 
reaction is essentially indistinguishable from tliat obtained when 
the microorganisms alone are injected. Heating the filtrate to 58 ° C 
for about 1 hour destroys the principle responsible for the reaction 
(Table 2, Fig. 2). The filtrate of a day-old culture is ineffective, 
whereas the day old culture of the organisms produces perfect 
walling-off of the inflamed area. This indicates that the S. aureus 
owes its necrotizing activity (which doubtless is an important 
factor in its ultimate localization) not merely to its presence per sc, 
but in addition also to its ability to release a powerful exotoxin- 
like product. This soluble toxic, thermolabile material is capable 
of inducing sufficient capillary and lymphatic damage to produce a 
shunting off, so to speak, of the inflamed area. 

The technique used in these experiments has been adequately described pic- 
\iousb .‘- In brief 2.5 cc. of 1 % trj'pan blue in saline is injected in the foreleg of a 
rabbit in a previously inflamed area induced in the above experiments by bacterial 
filtrates. About 2 hours later the regional lymphatics are examined for the presence 
of the dye.' 
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Table 1. — Retention or Thypan Blue at Site or Inflammation Induced by 
Filthate of Staphylococcus Culture. 


Rabbit 

No. 

Interval be- 
tween injec- 
tion of irri- 
tant and that 
of dye. 

Total dura- 
tion of in- 
flammation. 

Presence of dye on in- 
flamed side. 

-Presence of dye on normal 
side. 

Lymph of 
ofTcrent 
lymphatic. 

Lymph 

node. 

Lymph of 
efferent 
lymphatic. 

Lymph 

node. 


[ Hrs. Mins. 

Hrs. Mins. 





S-35 

1.05 

3,50 1 

0 

0 


* + 

S-34 

1.36 

4.48 

0 

0 1 

-f- 

+ 

8-22 

1.40 

4.25 

0 

0 

+ 

+ 

8-83 

2.35 

5.12 

0 

0 

++ 

++ 

8-31 

19.42 

22.02 

0 

0 

+ 

+ 

8-85 

19.44 

22.24 

0 

0 

+ -h 

+++ 

98 

20.20 

22.50 

0‘ 

0 

Faint trace 

+ 

9-74 

22.28 

24.39 

+ to +4- 

+ 

+ 

++++ 

10-12 

22.55 

24.05 

0 

0 

Trace to + 

Trace to + 


Table 2. — Retention of Trypan Blue at Site op Inflammation Induced by 
Heat-inactivated Filtrate of Staphylococcus Culture. 
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There is some evidence that this material resembles in many 
respects staphylococcus leukocidin. 

In the earlier studies of Denys and Van de Velde-‘ these investi- 
gators pointed out that the' action of staphylococcus leukocidin 
is not restricted solely to leukoc\i:es, but that this material is injur- 
ious likeu’ise to eosinophils, hematoblasts, red cells, and cells of 












Fig. 1. — An inflamed area induced by the intracutaneuos inoculation' of about 
1.5 cc. of the Berkefeld filtrate of a several-day-old culture of S. aureus (See Rabbit 
8-85, Table 1) . The infiamed area is of over 22 hours’ duration. Trypan blue in- 
jected into this area failed to reach the tributary lymphatics. Note both the fibrin- 
ous thrombus occluding the lymphatic lumen, and the coagulated plasma in the 
tissue spaces. 



Flo. 2. A lymphatic lumen in an area of inflammation induced by the inooula- 
lon of ina^otivated S. aureus filtrate. (This was accomplished by heating the 
nitrate at 58° C. for about 1 hour; sec Exp. 5. Table 2.) The inflammation was 
o more than 27 hours’ duration. The lumen is unoccludcd. Tri^pau blue drained 
readily from this area to the tributary lymphatics. 





Fig. 3, — A lymphatic lumen in an area of inflammation induced by a Berkefeld 
filtrate of pneumococcus Typo I. The inflammation is of more than 23 liours’ 
duration (see Rabbit 8-77, Table 3). Note the unoccluded lumen in an area of 
edematous tissue with moderate cellular infiltration. Trypan blue readily diffused 
from such an area to the regional lymphatics. 



Fig. -1. — An inflamed area induced by the Berkefeld filtrate of a culture of 
hemolytic streptococci. The inflammation is of more than 52 hours' duration (sec 
Rabbit X, Table 4). Note presence of unoccluded lymphatic lumina in tissue dis- 
tended with edema. TjTJan blue diffused readily from this area to the regional 
lymphatics. 
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the sympathetic ganglia. Parker^^ in 1924 described the production 
of an exotoxin by certain strains of S. mireus. The Berkefeld 
filtrate of her strains revealed a selective poisonous necrotoxic 
action for the skin of rabbits. The toxin was found to be thermo- 
labile, being completely destroyed when heated to 55° for 1 hour. 
She recognized the resemblance of this material to leukocidin, but 
in a later study concluded that 'the necrotoxic action of the filtrate 
appears to be due to a different constituent from either the hemo- 
toxic or the leukocidic one.^* Burnet, on the other hand, is of the 
opinion that the various manifestations of staphylococcus exotoxin 
are due to a single antigenic substance. The leukocidin of Staph, 
aureus, according to this investigator, is identical with Parker’s 
skin toxin.-'* 

Dr. Weld (nee Parker) kindly supplied me with samples of her 
necrotoxic staphylococcus filtrate. This material injected into the 
skin of rabbits causes a pronounced edematous reaction. Dye intro- 
duced into such an inflamed area is fixed in situ and fails to diffuse 
to the tributary lymphatics. This same material . heated for 1 
hour at about 58° C. is rendered completely innocuous; i. e., as far 
as the fixation of a vital dye is concerned. 

Berkefeld filtrates of staphylococci which induce prompt cutane- 
ous “walling-off” were tested in vitro on tissue cultures of guinea 
pig mesenteric lymph nodes. Direct examination and microscopic 
sections of the explants several days later showed relatively few 
normal cells toward the center of the tissue. There was hardly, any 
migration of cells, and these had for the most part pycnotic and 
shrunken nuclei. Some cells showed nuclei disintegrated into 
intensely stained granular material scattered tlrroughout the cyto- 
plasm. The heated or inactivated staphylococcus filtrate, on the 
other liand, revealed no such injurious effects on the cells of ex- 
plants. The leukocytes, primarily mononuclear phagocytes, showed 
normal migration at the periphery of the explants. These cells 
appeared perfectly normal in regard to their staining property and 
morphology. 

S. aureus filtrate in contact Avith granular leukocytes obtained 
from an exudate caused these cells to become SAVollen and vacuolated. 
Supravital smears revealed these leukocytes as rounded, immobile 
cells with little staining of the granules. EAudence was also obtained 
that the total leukocjffe count is lowered when this bacterial filtrate 
is maintained for some time in contact with an inflammatory exu- 
date. Similar results were obtained by subjecting cells from the 
lymph of rabbits to unheated and heated filtrates of S. aureus. In 
conclusion these.obserA'ations strongly suggest that the active prin- 
ciple in the filtrate of S. aureus which causes early lymphatic block- 
age is someAvhat similar to, if not identical with leukocidin. 

A number of authors including Much,-® Gratia,-® and Gengou,-' 
huA’c shoAA'ii that S. aureus and its exotoxin are capable of causing 



592 IMENKIN: inflammation and bacterial im'^ASIVENESS 

oxalated blood to clot. This, according to Gratia, is due to a 
thermostable substance which he calls stapliylocoagulase?^ Eecent 
studies in collaboration with Mr. H. Walston have demonstrated 
that evidently “staphylocoagulase” plays no significant role in 
inducing the prompt fixation of trjTpan blue in the skin of rabbits 
treated with S. ameus. By treating the filtrate of this organism 
with glacial acetic acid, sfaphylocoagula^e can be separated from the 
principle that induces fixation. The isolated “staphylocoagulase” 
produces clotting of citrated plasma in the test tube up to a dilution 
of 1 in 320 of the resuspended precipitate. And yet this material, 
Avhen injected intracutaneously, although it is absorbed from the 
skin by lymphatics as indicated b5'- the mild inflammatory cellular 
reaction in the regional lymph nodes, fails to exert a sufficiently 
powerfid local reaction to obstruct lymphatic drainage by the forma- 
tion of a fibrinous barrier. Trypan blue diffuses readily from the 
site of its cutaneous inoculation and the tributary lymphatics are 
found unoccluded. This indicates that “staphjdocoagulase” evi- 
dently plays no role in inducing mechanical obstruction to lymph 
flow. * The latter is primarily referable to the powerfully necrotizing 
action jier se of the staphylococcus microorganism and of its soluble 
toxin. 

‘The filtrates of hemolytic streptococci and of Type I pneumo- 
coccus are utterly unable to induce any localizing 'response. The 
dye penetrates from such inflamed areas to the regional lymphatics 
even as late as 50 hours following the inoculation of streptococcal 
filtrates (Tables 3 and 4, Figs. 3 and 4). The filtrates of these latter 
microorganisms are evidently entirely innocuous. 


Table 3.— Retention of Trypan Betje at Site of Inflammation Induced by 
Filtrate of Pneumococcus Type I. 


R.Tbbit 

No. 
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* Additional ei'idence corroborating this conclusion was obtained from the filtrate 
of a strain of S. avrcvs which failed to elicit the clotting reaction in vitro (i. e., staphylo- 
coagulase was evidently absent) ; and yet, when introduced into the tissues of a rabbit, 
the filtrate produced an inflammatori' reaction with perfectly good fixation of trypan 
blue. 
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Table 4. — Retention of Tbypan Blub at Site of Inflammation Induced by 
Filtbate of Streptococcus Hemolyticus. 


Rabbit 

No. 

1 Interval be- 
tween injec- 
tion of irri- 
tant and that 
of dye. 
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+ -1- + 
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48.43 
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+ ! 

+ 
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+ + 

+ 
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52.35 

+ + 

+ + 

+ + + 

+ 

X S 

1 

49.55 
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+ + 

i 

+ + 

+ 

++ 


* Filtrate from culture of strain K-158A, extremely virulent to rabbits; other 
rabbits injected with filtrate of S-23, Lancefield strain. 


The production of leukocidin by either pneumococci or strepto- 
cocci has been studied by a number of investigators.-^-^s.^o Little 
is known concerning the respective chemical properties and potency 
of these substances. It is, therefore, conceivable that a highly 
effective staphylococcus leuliocidin may be capable of inducing 
IjTOphatic blockage as well as death of cells. On the other hand, 
with the media employed, the toxins of streptococci and pneumo- 
cocci, while unable to produce lymphatic blockage may, nevertheless, 
be sufficiently potent to affect leukocytes. 

Recent unpublished studies have clearly demonstrated that the 
local inflammatory reaction, by determining the degree of invasive- 
ness, is an important factor in immunitj’'.®^ The resistance of the 
host infected with a virulent microorganism represents the resultant 
of a number of factors, including among others, the invasiveness 
and the virulence of the bacteria. The invasive property of a micro- 
organism has often been taken as a criterion of its ^d^ulence and 
lice vcrsa.^^ Some bacteriologists have, however, recognized tliat 
virulence and invasiveness are different properties which are not 
to be confused and the terms are therefore not to be employed 
synonymously.^® 

The factor of invasiveness may be studied as a separate variable 
by a number of experimental procedures; for example, by interfering 
V itJi the dissemination of a given vimlent microorganism from its site 
of cutaneous inoculation. Tliis end was attained by the superim- 
posed injection of an inflammatory irritant that causes prompt 
vallmg-off. Such manipulation may delay the dissemination of 
he viruknt microorganism, and even in some cases, apparently 
auov sufficient time for the local inflammatory reaction to dispose 
of it in large part. In tliis way the full effect of virulence, as mani- 
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fested by massive blood stream invasion and subsequent death, 
may be delayed, and, in a few cases, even aborted. Nevertheless, 
there was no indication from these observations that the virulence 
or the toxic property per se, of the pathogenic microorganism had 
been in any way altered by delajdng its invasiveness.®^ 

The experiments were set up somewhat as follows : White rabbits 
were inoculated intracutaneously with varying dosages of a virulent 
strain of pneumococcus, Tjnpe III. This was immediately followed 
by the introduction of a broth culture of S. aureus into the same 
skin area. It is to be remembered that the latter organism causes 
rapid "walhng-off” of its area of inoculation. When aleuronat 
or turpentine was emplo5"ed as the superimposed irritant, similar 
results were observed as with staphylococci. Control animals 
received an identical inoculation vdth virulent pneumococci upon 
which was superimposed sterile broth, 0.5% saline, or water. None 
of the latter substances induce lymphatic blockage. All experi- 
mental rabbits survived longer than the controls. Two out of 12 
animals sur^dved the combined inoculations of \’irulent pneumo- 
cocci and staphylococci for over a month. At that time, although 
both animals were well, one of them was sacrificed. The controls 
of these two rabbits survived 5 days and 3 days respectively. By 
comparing and correlating the fixation of a dye at the site of the 
combined bacterial inoculation with histological findings, it was 
shown that the increase in survival time of experimental rabbits 
was entirely referable to the effect of the staphylococcus organism 
which, by inducing mechanical obstruction in the form of coagulated 
plasma and fibrinous thrombi in lymphatics, delayed the normal 
invasiveness of the virulent pneumococci. Blood cultures fully 
confirmed this interpretation. Whereas 2 or 3 hours following the 
inoculation of pneumococci in the skin of control rabbits, these, 
organisms were recovered from the blood stream, in the case of 
experimental animals the virulent organisms were able to penetrate 
into the circulation not before 13 to 19 hours subsequent to their 
inoculation. The virulence of the pneumococci was in no way 
changed by the experimental manipulation. The recovery of 
pneumococci from the site of skin inoculation of an experimental 
rabbit injected into a normal animal induced massive infection 
followed by death several days later. The organisms recovered 
from the blood of such an animal revealed capsulated pneumococci. 

These observations clearly indicate the role of the inflammatory 
reaction in regulating the rapidity of invasiveness of a microorgan- 
ism and therefore the significance of this factor in grading the im- 
munity or resistance of the host, but in no way does the rate of dis- 
semination alter the virulence per se of the bacteria wliich still 
remains a most important factor in evaluating resistance. Virulence 
and invasiveness are therefore regarded as two' separate variables 
in studying problems of immunity. 
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Conclusion. I have .called your attention to the dynamics of 
the inflammatory reaction in its relation to immunity. Powerfully 
necrotizing irritants produce as a result of an increase in capillary 
permeability and of lymphatic damage, an extremely prompt reac- 
tion, perhaps best termed fixation. By this process, the area of 
injury is mechanically circumscribed and the dissemination of the 
irritant is prevented. S. aureus is an example of such a bacterial 
irritant.^2 Aleuronat is a chemical irritant of similar potency.^ 
Mild irritants, on the other hand, produce only a delayed reaction, 
thus allowing relatively free penetration of the irritant into the cir- 
culation for a considerable interval of time. Occlusion of the drain- 
ing lymphatics in such instances often takes place as late as two 
days subsequently to the inoculation of the irritant. Hemolytic 
streptococci exemplify this type of irritant. Another instance has 
been recently demonstrated by McMaster and Hudack^- who showed 
that up to 48 hours following a mere sldn incision or local burn, 
lymph drainage is adequate. Subsequently lymphatics failed to 
convey effectively materials contained in them. The intensity of 
fixation is found frequently to be parallel to the extent of inflam- 
matory edema. This would suggest that the local swelling is at 
least in part the result of blockage to normal lymphatic drainage 
which is thus unable to cope adequately with the excess outpouring 
of plasma from the capillaries at the site of inflammation. 

In relatively large suppurating or acutely inflamed areas the 
reaction of fixation may occur as early as 30 minutes after the injec- 
tion of an irritant. This prompt response allows a definite interval 
of time for the relatively sluggish leukocytes to assemble at the 
site of inflammation for the purpose of phagocytosis. The neutro- 
phils appear first, to be displaced subsequently by the macrophages. 
This cjdological sequence, as recently demonstrated, is e\ddently 
conditioned by changes in the local hydrogen-ion concentration. 
With the developing local acidosis at the site of an acute inflamma- 
tion, the predominating cell of the exudate shifts from the neutro- 
phil to the mononuclear phagocytic tjq)e.^^ It is conceivable that 
the mechanism of suppuration is closely associated, perhaps through 
an activation of autolytic tissue enzymes, with the local increase 
in the hydrogen-ion concentration of an inflamed area. Studies are 
now in progress in an attempt to clarify this problem. 

flhe reaction ol fixation by mechanically circumscribing the irri- 
tant in the earliest phase of the acute inflammatory reaction, plays 
a definite role in immunity, for it protects the organism as a whole 
at the ex])ense of local injury. The reason for the disastrous effects 
resulting from untimely surgical interference with such an effective 
inflammatory barrier, as described above, and which is encountered, 
for example, in the staphylococcus boil or the antluax carbuncle, is 
quite ol)vious and needs no particular emphasis in view of the fore- 
going discussion. 
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mucosa which, are invariably associated with the disease, pernicious 
anemia. These changes, first described in detail by Faber and Bloch, 
consist in a diffuse inflammatory process leading to the destruction 
and atrophy of the gastric glands, most striking in the cardia and 
decreasing in severity toward the pyloric end of the stomach. 
Achylia, an almost invariable accompaniment of pernicious anemia, 
is also frequently to be found in the conditions known as atrophic 
and hypertrophic gastritis. Clinical studies such as those of HursF 
and Miller® have but served to emphasize the importance of the 
association between abnormalities of gastric secretion and the 
presence of a local inflammatory process showing at times hyper- 
trophy and at other times atrophy of the gastric mucosa, and usu- 
ally designated as chronic gastritis. According to Faber® secretory 
failure probably exists long before there are any marked changes in 
the gastric mucosa and submucosa indicative of glandular atrophy 
and characteristic of any chronic inflammatory process. 

In cases of pernicious anemia it has been shown repeatedly, as 
in the reports of Hurst and others, that even after successful liver 
therapy there is rarely any change in the accompanying anacidity. 
Usually such observers have considered that the gastritis with its 
associated secretory changes represents a primary rather than a 
secondary condition and persists despite any successful treatment 
of the clinical syndrome known as pernicious anemia. This is also 
suggested by the studies of Castle,^ which demonstrated a defective 
and usually completely absent secretion of the intrinsic factor in 
gastric juice necessary for normal maturation of the red cells. The 
histologic studies of Faber and others have been supplemented by 
direct gastroscopic observations by Henning,® Schindler,® Benedict” 
and others. All of these observers agree that in pernicious anemia 
there exists an atrophy of the gastric mucosa as an invariable 
finding. A quotation from Henning’s recent monograph® on inflam- 
mation of the stomach, which may be used for comparison with the 
observations to be reported, is given: “ I have seen diffuse atrophy 
of the mucous membrane in all cases of pernicious anemia examined 
up to the present time, in many cases of complete achylia and 
carcinoma of the stomach and also in many resected stomachs. 
Ihe picture of complete atrophy is extraordinarily impressive. The 
color of the mucous membrane is grayish yellow to grayish green. 
(The color of normal gastric mucous membrane is red.)* This color 
tone may be striking only when the stomach is entirely unfolded 
by marked inflation. By this method even normal or even delicate 
folds are so perfectly stretched that as a rule they appear entirely 
smooth or even finely granular. As a further ciiaracteri.stic one 
notices a strikingly distinct appearance of the coarser and even 
the finest bloodvessels. The larger bloodvessels arch their course 
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upw'ard along the thin mucous membrane. Since, as a rule, it 
occurs in small stomachs of the steer horn type there exists a good 
possibility for observing it also at the pylorus. . . .* One clearly 
recognizes in the endoscopic photograph the dark appearing vessels 
in the bright mucous membranes. In the microphotograph of the 
histological specimen one observes the characteristic disappearance 
of gastric glands, complete atrophy of specific glands, goblet cell 
metaplasia and cellular infiltration of the interstitial tissues.” 

Henning believes that “the sharp outline of the vessels and their 
distinct arching over in a brilliant mucous membrane of grayish 
yellow color is decisive” as a diagnostic criterion of atrophic gas- 
tritis. He thinks that such a finding is invariabl.y seen in pernicious 
anemia. 

It is important to point out that all the observations noted above 
have been made on patients suft’ering from a typical relapse of 
pernicious anemia. With the exception of studies on gastric secre- 
tion, no observations on the stomach itself have been made during 
remissions following successful treatment of the disease. It is the 
purpose of this communication to describe the gastroscopic, roent- 
genologic and other changes occurring in patients sufiering from 
pernicious anemia during a typical relapse of the disease and sub- 
sequent observations made during a typical remission. Such obser- 
vations, although few in number, we believe to be of sufficient 
importance to warrant reporting in detail, with the hope that they 
may further stimulate the study of what must be considered as 
fundamental variations in gastric physiology. 

Clinical Material.— The patients were t.^'pical cases of pernicious 
anemia as proved by all of the usual diagnostic criteria. Patient 1 
has been under continuous observation since 1917. The 4 remaining 
patients have been followed by us at this hospital over periods 
ranging from 1 to S years. All 5 of the patients gave typical re- 
sponses to liver therapy. Gastroscopic examinations were carried 
out with the flexible vSchindler gastroscope and roentgenologic 
examinations were made using the compression technique (Berg”) 
for the demonstration of the mucosal markings of the stomach. 
In .3 instances examinations of the stomach were made during a 
tj'pical relapse and, in addition, subsequent e.xaminations were 
made at or near the height of a remission. The gastroscopist and 
roentgenologist both paid particular attention to the prominence, 
thickening and tortuosity of the gastric rugm, or to their absence. 
In '2 instances direct observation of the stomach at operation 
replaced the initial gastroscopic e.xamination. 

Cases. Patient 1, a white man, aged .58, with a negative past hi.storj', 
was first bothered b\- a sore tongue in 1917, the sj-mptoms persi.sting for 
2 years. In 1919 he entered this hospital -with a typical picture of pernicious 

* A colored plate showing the gastroscopic appearance of an atrophic stomach 
can be found in Henning’s monograph. 
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anemia. There had been epigastric pain for the preceding year and the 
patient had lost 14 pounds in weight. , . , , 

Physical Examination. Nothing abnormal was noted with the exception 
of sallow pallor and a smooth, red, sore-looking tongue. 

Laboratory Examinations. Negative except for blood and gastric anal- 
ysis. The red count was 2,640,000 and the blood smear showed the typical 
changes characteristic of pernicious anemia. There was marked macro- 
cytosis vdth striking inequality in size and shape of the red cells which 
were well filled with hemoglobin. The blood platelets were somewhat 
diminished. A gastric analysis after an Ewald test meal showed no free 
hydrochlorie acid in any of the specimens collected. 

Repeated Roentgen rays taken at this time showed suggestive changes 
in the antrum of the stomach on 2 occasions, although a third examination 
showed no evidence of disease. 

The patient was discharged unrelieved with a diagnosis of pernicious 
anemia. 

A spontaneous remission occurred and the patient remained in good 
health until 1922, at which time there was a typical relapse ivith sore 
tongue, loss of weight, and anemia. At this time the patient was ad^dsed 
to eat large quantities of red meat, which he did for a period of about 
2 months. A sharp, spontaneous remission again occurred, due probably 
to the large quantities of meat ingested and the fact, noted later, that 
presumably he had a small amount of Castle’s intrinsic factor in his gastric 
secretion. Since the advent of liver therapy the patient has taken liver 
or liver extract at frequent intervals, maintaining the normal level of his 
blood Avithout difficulty Avithout the recurrence of the stomatitis, pares- 
thesias, or other symptoms, until 1934 Avhen a slight relapse occurred wliich 
Avas relieved by the regular addition of liA’^er to his diet for a short time. 

It is of some interest that a second gastric analysis performed wth 
histamin, in 1925, shoAved a maximum free titratable acidity of 25 cc. tenth- 
normal acid at the end of 1 hour. It is probable, as already suggested, 
that the presence of moderate amounts of free h 3 '^drochloric acid was asso- 
ciated AAuth at least minimal amounts of Castle’s intrinsic substance. 
Such a fact Avould ex-plam the relative ease Avith Avhich the patient main- 
tained himself free of sjTnptoms of the disease AAuth only moderate thera- 
peutic measures. Because of the finding of free hydrochloric acid after 
histamin the case was reAuewed, but it was the opinion of Dr. George Minot 
as Avell as ourselves that there was no reason to doubt the diagnosis of 
pernicious anemia. 

During the past 3 or 4 j-^ears there has been mild, indefinite epigastric 
distress and belcliing, usuallj’- associated AAdth fatigue or indiscretions in 
diet. The day before lus second admission on June 29, 1934, the patient 
felt weak, had generalized abdominal distress and .suddenlj'^ A’^omited a 
large mouthful of free blood. In the next 24 hours there were tAA’o more 
attacks of hematemesis and a tarr}"- stool Avas passed. 

Physical examination on this admission was negatiA^e except for pallor 
and a tongue AA'hich AA'as slightly smooth at the edges. 

Laboratory Data. Urine negatiA'c. Red count, 3,040,000. Hemoglobin, 
65%. _ A blood smear shoAved slight achromia of the red cells A\ith moderate 
variation in size and shape. Stool examinations shoAved cAudences of 
occult blood. 

Ihe admission diagiiosis Avas pernicious anemia and probable jAolj'posis. 
Ten daj’s after admission all .signs of bleeding had subsided. Roentgen 
raj's of the stomach taken at that time shoAA’ed a small hiatus liernia and 
aiiparontly a polAqi of the antrum. 

Gastroscojn' shoAA'ed a moderatel}’ pale mucous membrane but not 
characteristic of complete atrophA' of the stomach. No bloodA’essels could 
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be seen. Gastric rugai were absent. Oiily glimpses' were obtained of the 
antrum where there appeared to ,be a thickening of the mucous membrane 
which might have been a polyp. 

Because it was felt that the hemorrhage was due to a polyp of the stom- 
ach, surgery was decided upon and operation was performed 1 month 
after admission. On the lesser Curvature a hard nodule was felt which, 
on resection, proved to be a lymph node. Frozen section showed carcinoma- 
tous involvement of a very malignant nature. The stomach was opened 
about 3 inches from the pjdorus and on e.xploratiori of the greater curvature 
a small carcinoma was found and local resection was performed. 

Subsequent examination of the resected stomach and the ljunph node 
showed adenocarcinoma. Sections of the fundus adjacent to the tumor 
showed dilatation of some of the tubules, but for the most part the gastric 
tissue appeared normal. There appeared to be no atrophy. The parietal 
cells were present in normal numbers. In the sections studied there was 
no evidence of gastritis. 

Convalescence was uneventful and since the operation the patient has 
gained weight and strength and has been symptom-free. He has been 
working steadily and since November, 1934, his blood has returned to and 
remained at an absolutely normal level. Gastroscopy performed in March, 
1935, showed slight apparent hypertrophy of the gastric mucosa ■nuthout 
any evidence of polyps or of metastases. A Roentgen ray examination 
made at the same time, and again in June, 1935, revealed no evidence of 
metastases or of gastritis. 

TJie findings in this case are of particular interest when contrasted 
with those made on the 4 following patients, 3 of whom were exam- 
ined in a typical relapse as well as during a remission. In this 
particular instance the gastroscopic and roentgenologic examinations 
were made to determine the cause of hematemesis during a period 
in which the patient had no symptoms of pernicious anemia. 

Patient 2, a white man, aged 57, vdth an irrelevant past history, S years 
before admission began to notice subxiphoid distress immediately after 
meals associated with very irregular eating habits. This was relieved by 
induced vomiting. A return to regular eating habits relieved his symptoms 
for the most part with the exception of occasional attacks of mild indigestion 
ahvays associated with fatigue or irregularity in eating. One year before 
admission the patient noticed easj’’ fatigability culminating in an attack 
of pain in both axillce and upper arms, particularly on the left side. He 
w'as seen by a consultant who made a diagnosis of probable coronarj’’ disease 
and at the same time noted that he was slightly jaundiced. After 5 weeks 
in bed the patient had a sudden attack of right- upper quadrant pain with 
an increase in jaundice and residual soreness in the abdomen. A second 
consultant diagnosed cholelithiasis. Continued rest for the next few^ 
months resulted in a clearing of the jaundice, but on resuming some physical 
actmty the patient noticed extreme fatigability, dyspnea and substernal 
distress on slight exertion. Indigestion and loss of appetite were prom- 
inent sjunptoms for the next 4 months with some nausea and a loss of 
about 8 pounds. Just before admission he noticed some soreness of his 
mouth and “canker sores” on his tongue. He was admitted to the hospital 
for study on September 26, 1934, and an immediate diagnosis of pernicious 
anemia Avas made, based on the appearance of the patient and furtlier 
proved bj' examination of the blood. 

Physical examination showed a salloAV, pale indhddual with slight icterus 
of the sclera;. The tongue was slightly smooth around the edges. Exam- 
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ination was otlien\ase essentially negative except that the liver was easily 
palpable 6 cm. below the costal margin in the right midclavicular line. 

Laboratory Data. Urine and stools negative. Red count, 2,240,000. 
Hemoglobin, 45% (Tallqidst). The stained smear of the red blood cells 
was characteristic of pernicious anemia. Gastric analysis with liistamin 
showed complete anacidity. - 

Roentgen ray examination of the stomach showed what appeared to be 
several large pol 3 T)s along the greater curvature and a striking increase in 
all the gastric rugffi. A radiograph of the gall bladder area showed shadows 
characteristic of biliary calculi. 

An electrocardiogram was normal. 

Because of the above findings a diagnosis of _ pernicious anemia, gastric 
polypi, with possible carcinomatous degeneration, and cholelithiasis was 
made. It was felt that the symptoms of coronary disease were funda- 
mentally due to the marked anemia and that operative procedures were 
justified if the blood could be brought back to normal. Intensive parenteral 
liver therapy was initiated with a typical response in the- reticulocytes 
which rose to 17.3% in 1 week, and a rise in the red count at the end of 
1 month to 4,020,000. The failure to obtain a more satisfactory rise in 
the red count was due to the fact that there was an interval attack of acute 
cliolec 5 >^stitis with fever, chill, leukocytosis, increased jaundice and sharply 
localized tenderness over the gab bladder area. At the end of 1 month it 
was decided that operation on the gall bladder" was necessary, although 
yre had at first hoped to do a gastric resection. 

At operation a subacute cholecystitis was found and a thick-walled,, ulcer- 
ated gall bladder containing many pigmented stones was removed. Because 
.of the condition of the patient it was deemed unwise to attempt a large 
gastric resection, but the stomach was opened and two large poljTioid 
tumors which had been localized by Roentgen ray were removed with 
resection of a broad base. The remainder of the stomach was inspected 
carefully and showed a very dark red mucosa with marked hypertrophy of 
all the rugaj, which at times were so thickened as to present verrucous 
enlargements that had the appearance of poljpi or tumor masses. The 
appearance was characteristic of hypertropliic gastritis. Drainage of the 
gall bladder area was instituted and the abdomen closed. The patient 
had an uneventful recovery and was discharged from the hospital 1 month 
after admission with a red count of 4,670,000 and a hemoglobin of 75%. 
Clinically he was sjTnptom-free and on moderate exertion had no cardiac 
symptoms wliatever. 

Microscopic examination of the polypi removed from the stomach showed 
e^ddence of active growth. The gland tubules were large and irregular in 
size and shape. There was no e^^dence of invasion but it was considered 
as potentially malignant. A subsequent, examination of serial sections of 
tlie base showed definite invasion by tumor in the pedicle of the grondh 
below the muscularis mucosa and a diagnosis of adenocarcinoma was made. 

Two months after discharge the patient reentered the hospital for gas- 
troscopy. On phj'sical examination the patient showed a profound change, 
nath a complete absence of pallor and a return to normal weight. The liver 
nhich prcUoush’’ had been definitelj’’ enlarged was no longer palpable, and 
the patient stated that he felt better than he had for 3 'ears and had no 
digestive disturbances. Hi.s red count was 4,770,000. Thelblood smear 
showed no sign of abnormalitj'- of the red cells. 

Gastroscopy showed a mucous membrane of normal color witUapparentlj’’ 
normal gastric markings. There was no suggestion of atrophj’’ and verj' 
questionable luqiertrophj' pf tlie rugic. Roentgen raj' findings at that 
time .showed much less thickening of the gastric mucosa than had been 
noted on iirci'ious films. The polyp prc\'iousIy described could not be 



602 


JONES, BENEDICT, HAIMPTON: 


demonstrated. There was no evidence of recurrence of anj’^ carcinomatous 
process and the appearance was that of an active gastritis. 

Four months after the operation the patient had more than regained his 
lost weight, was working and felt perfectly well. The gastroscopic exam- 
ination at this time showed a normal color of the mucous membranes with 
a few bright red areas between the folds and one diffuse area suggesting 
submucous hemorrhage. The rugaj were present and appeared normal. 
There was no e^ddence of recurrence of the tumor or of polypoid formation. 
The appearance was that of a mild superficial gastritis but did not suggest 
atrophy. Roentgen ray findings at this time showed very little change 
from the previous examination. There was no evidence of recurrence of 
malignancy. 

'\d6ien last seen, 9 months after the operation, the patient was still in 
excellent health and 8 pounds heavier than he had ever been. 

Patient 3, a white man, aged 62, past history irrelevant, 6 months before 
admission noticed weakness and shortness of breath on exertion with 
swelling of his ankles at the end of the day, pallor and questionable jaun- 
dice. During the latter part of his present illness he developed numbness 
and tingling of his hands and toes. Anorexia, constipation, nausea and 
vomiting were important symptoms without loss of weight. He was told 
that he was anemic and was treated noth iron ndth temporary relief of 
symptoms except for the 'paresthesias which persisted. One month before 
admission all his sjnnptoms returned. He was seen in the Outpatient 
Department where Roentgen raj's were takeh and a blood examination 
was done. A diagnosis of ijernicious anemia was made. The Roentgen 
raj’- examination showed an irregular filling defect mth evidence of crater 
formation involving the lower half of the stomach. The findings were 
thought to be those of carcinoma invohdng the lower half of the stomach. 

Physical Examination. On admission the patient showed a striking sal- 
low pallor, otheru’ise there were no physical findings of importance. 

Laboratory Data. Urine and stool examinations were negative. Red 
count, 1,380,000. Hemoglobin, 45% (Tallqvist). The stained smear of 
the red cells was characteristic of pernicious anemia. Gastric analysis 
vdth histamin showed complete anacidity. 

Reexamination of the stomach by Roentgen ray confirmed the pre\dous 
findings and showed a large defect in the pyloric end of the stomach. 
Gastroscopy showed a very pale, thin mucous membrane throughout the 
entire stomach. Numerous small bloodvessels could be very well .seen. 
Normal rugco were almost entirely absent. On the lesser curvature and 
posterior wall in the antrum of the stomach there was a rounded elevated 
red lesion, smooth in contour, attached by a broad base. The lesion was 
/ about 7 to 8 cm. in diameter. It was thought that the appearance of the 
mucosa was absolutely typical of the atrophy seen in pernicious anemia in 
a relapse and it was also felt that probably the lesion was a benign poljqj) 
although there was a definite chance of early malignant degeneration. 

It was decided to resort to surgery as soon as the patient’s condition 
permitted and after 2 transfusions operation was performed. The tumor 
was easily palpated and on opening the stomach a long tongue-like polyp 
about 6 inches in length and ulcerated in two places was seen on the pos- 
terior wall about one-third of the way up from the pjdorus. This was 
excised with a vide margin around the base. Microscopic examination of 
the tumor showed no ewdence of malignancy and it was diagnosed as a 
benign gastric pohq). Examination of the surrounding mucosa showed 
some exaggeration of depth and tortuosity of the superficial portion of the 
antral glands, othenHse they were not remarkable. The cells lining the 
deepest portion of the pyloric glands were low and the lumina were large. 
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The patient had an uneventful convalescence and on discharge, 7 weeks 
after admission, his red count had risen to a level of 3,900,000 with a 
hemoglobin of 70% on adequate liver therapy. 

He was readmitted to the hospital 5 months later for further treatment 
of his pernicious anemia, intensive treatment ha\dng been discontinued 
through a misunderstanding on the part of the patient. He had been per- 
fectly well up to 1 month before admission, when his symptoms of weakness 
and shortness of breath returned. On admission his red count was 1,700,000 
with a hemoglobin of 45%. 

Gastroscopic examination was repeated and at this time the mucosa 
presented a very different appearance from that of the preidous examination. 
The color was moderately pale in some areas, in other areas the color was 
approximately normal, the whole appearance being that of a rather blotchy 
dark and light pink surface. Rugse were present along the greater curvature 
and were somewhat irregular but appeared nearly normal in size. Near 
the antrum there was a pseudopolypoid arrangement. The gastroscopist 
felt that there was a chronic gastritis present in a transitional stage from 
the previously described atrophic type. He felt it was tending towards 
the verrucous or hypertrophic type. Intensive liver therapy was instituted 
and there was prompt response showing a rise in the red cells to 2,500,000 
and the hemoglobin to 60%. 

A subsequent gastroscopy 2 months later showed a mucous membrane 
absolutely normal in color vAtlx no evidence of atrophy. There appeared 
to be a very superficial gastritis without obvious evidence of hypertrophy. 
The red count at this time was 3,660,000 with a hemoglobin of 65 to 70%. 

Patient 4, a white woman, aged 70, past history^ irrelevant, first noted 
easy fatigability in 1925 with associated palpitation on exertion. One 
year later there was mild indigestion with anorexia and a loss of 25 pounds 
in weight in the following 2 years, at the end of which time she was admitted 
to the hospital. There was some intermittent soreness of the tongue. On 
admission her presenting symptom was diarrhea of 10 days’ duration 
Avithout blood or cramps. 

Physical Examination. Essentially negative except for paUor and loss 
of weight. 

Laboratory Data. Urine and stool examinations negative. Red blood 
cells, 2,000,000. Hemoglobin, 60%. Stained smear of the red blood cells 
was consistent vath pernicious anemia with moderate macrocytosis. Gastric 
analysis showed frank blood in all specimens. There was no free hydro- 
chloric acid after an Ewald test meal and only 5 cc. of total acid as a maxi- 
mum secretion. 

Roentgen ray examination showed well defined mottling invohdng the 
pyloric end of the stomach and the duodenal cap. These findings were 
interpreted as indicative of polyposis of the stomach and first portion of 
the duodenum. 

A diagnosis of pernicious anemia and gastric polyposis was made and 
the patient was treated TOtli liver by mouth with a rise in the red count to 
3,400,000 in 4 weeks. The patient was then discharged from the hospital 
on a dosage of 300 gm. of whole liver by mouth daily and showed gradual 
but .steady improvement. Her appetite remained only fair, however, and 
the diarrhea was not entirely controlled. In addition there were several 
attacks of acute “indigestion” with some epigastric pam lasting for several 
liours witliout chills, fever or jaundice. 

She was admitted to the hospital again after a period of 6 weeks, at 
w ncli time the physical examination was the same as on the first admission. 
The red count was 4,800,000, hemoglobin, 75%, and a practically normal 
blood smear. Repetition of the gastric analysis again showed gros.s blood 
and no free hydrochloric acid after a test meal, although there was a max- 
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imum total acidity at this time of 24 cc. tenth-normal acid. Stool, examina- 
tions gave a strong test of occult blood. 

A second Roentgen ray examination was interpreted as confirming the 
pre^^ous diagnosis of polyposis of the pyloric end of the stomach. 

The patient was discharged without additional treatment and was fol- 
lowed in the Outpatient Department for the next 4 months, at the end 
of which time she entered the hospital for the purpose of operation. During 
this 4-month period she was bothered by a good deal of gas and distention 
accompanied by a burning pain of moderate severity occurring 2 hours 
after meals and reheved by cold water. Diarrhea of a moderate severity 
had been an intermittent symptom. 

Physical examination at this' time revealed an irregular tender mass 
under the right costal margin which was thought to be the liver. 

The blood examination showed a red count of 5,500,000 mth a hemo- 
globin of 90%. The stools again showed evidence of occult bleeding and 
the gastric analysis remained imchanged. 

Operation was decided upon and was performed at this time. The 
stomach was opmed by a longitudinal incision and appeared everyvdiere 
to be covered with small polyps, the largest of these were about 3 inches 
in diameter. In addition the rugae in several places seemed to be thickened 
as if edematous. The whole area from the p 3 dorus to the cardia was “red 
and inflamed.” A section of the stomach was taken for microscopic exam- 
ination but it was decided that nothing short of a complete gastrectomy 
would offer a solution and this was deemed inadvisable. Accordingly, no 
further surreal procedure was performed; The biopsy showed lymphoid 
ceil infiltration and areas of infiltration in the mucous membrane and wall; 
A diagnosis of a chronic inflammatoiy process was made. 

Four j’^ears later the patient came to the Outpatient Department in 
response to a letter. She said she had been very much better since the 
operation. There had been no loss of weight and the only symptoms were 
those of slight epigastric distress after eating without nausea or vomiting. 
She was working full time and was on a liberal unrestricted diet. In addi- 
tion she had been taking dilute hydrochloric acid and 2 pounds of raw liver 
a week. At this time the stomach was examined with small amounts of 
barium and no constant filling defects could be seen which could be inter- 
preted as poljps. There were a few 0.5 cm. shadows between the greater 
and lesser curvatures which possibly could be interpreted as polyps. There 
were no defects in contour or interference Avith peristaltic movements and 
no disturbance of gastric rugse. Tlie note was made that this Roentgen ray 
examination showed definite improvement over the findings of 5 years 
before. Another Roentgen ray was taken a month later vlth more careful 
technique. The report was that the only definite variation from the normal 
was marked thickening of the gastric rug®. It was thought that the 
deformity was quite tjpical of hjpertrophic gastritis. 

tSto years later the patient was seen again and said that she felt well 
and strong. Treatment had been the same throughout this 2-year period 
with the Wood remaining at a normal level. Roentgen raj's taken of the 
stomach bj-^ compression technique at this time showed no positive varia- 
tion from normal except for some possible thickening of the mucosa about 
the p34oric valve on the duodenal side. 

A gastroscop 3 ' was done at this time._ The rug® appeared rather large 
and slightR' tortuous at first but vith inflation the 3 ^ almost disappeared 
and the mucous membrane appeared smooth and glistening. The color 
was approximate^' normal. Ro bloodvessels were seen and there was not 
the pallor seen in advanced pernicious anemia. No idcerations, erosions 
or excrescences were noted. The findings were thought to be those of a 
nearly normal stomach. 
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Patient 5, a white man, aged 46, wdtli a past historj^ essentiallj^ negative 
except for dental sepsis, for 6 months had noted anorexia, slight nausea 
before eating, and for 1 month before admission dj'-spnea on exertion vith sub- 
sternal tightness. At the same time he noted numbness of his hands and legs 
and marked pallor. There was a loss of 10 pounds during the 6 months. 

Physical Examinaiiov. There was moderate icterus, marked pallor, 
dental sepsis and a slight diminution of vibration sense over the right shin. 
Otherwise the examination was essentially negative. 

Laboratory Data. The urine and stool examinations were essentially 
negative. Examination of the blood showed a red count of 1,270,000 with 
a hemoglobin of 40%. The smear was characteristic of that seen in per- 
nicious anemia. Gastric analysis showed complete anacidity with histamin. 

Roentgen ray examination showed that the gastric rugte were slightlj'- 
more prominent than normal. 

Gastroscopic examination showed that the mucous membranes were 
'much paler than usual, particularly in the fundus where a network of 
bloodvessels was seen. In some areas the mucosa was of a fairly normal 
red color and the entire appearance was that of a rather blotchy white and 
pink appearance. On the greater curvature near the antrum there was a 
definite nodular protuberance 2 cm. long. It was thought that the findings 
were those of an atrophic gastritis mth probable pseudopol 3 ’’posis. 

Intensive liver therapy was instituted at once with a gradual rise in the 
red count so that 3 months later the red count was 4,690,000. The rela- 
tively slow rise in the number of red cells was due to the fact that during 
the course of the treatment several fractions of liver extract that were 
being used were found to be of relatively low potency. 'W6th the rise in 
the red count all s 3 ’mptoms disappeared. 

A second gastroscopic examination was made 2 months after admission. 
At this time the color of the mucous membrane was practically normal. 
The mucosa appeared somewhat granular in places, mdicating a mild 
gastritis. On the greater curvature there was a small smooth swelling 
which did not disappear on inflation and might have been either a true 
polyp or a pseudopolj’’p. High up on the posterior wall there was an area 
of increased redness which appeared to be a submucous hemorrhage. 
There was no doubt that the appearance of the mucous membrane had 
improved in a striking fashion since the first examination, and in no sense 
could be classified at this time as that of an atrophic gastritis. 

Discussion. P'rom the ji receding observations several facts of 
interest are to be noted. By comparison with tlie acceiited descrip- 
tion of gastric atrophy, as previously given, typical atrophy was 
noted at gastroscopy in 2 of the 5 cases. Patients 3 and 5, at the 
first examination, and slight atrophic changes were to be seeii in 
one other, Patient 1. Tlic 2 patients showing marked atrophy 
were at the time in a typical relapse of the disease with red l)]ood 
counts under 1.5 million. In the third case. Patient 1, having a 
red count' of 3.6 million, there was very slight evidence of atrophy 
at the time of gastroscopy. The other 2 patients, when examined 
with a gastroscope, showed no evidence of an atrophic process, 
the red counts at the time of this examination were 5.5 and 4 million 
red cells, respectively. It would seem to follow that gross atrophic 
changes in pernicious anemia need be expected only in those patients 
suficring from a ty])ical relapse. That the gross appearance of 
atrophy may be absent even during the period of relajjse is a])par- 
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ently true from the fact that Patient 2 showed an extremely hyper- 
trophied, inflamed stomach- at the time of his operation, at which 
time he was just beginning to show a proper response to liver 
therapy. 

From gastroscopic obseryations, therefore, it is obvious that, 
contrary to the generally accepted views, atrophy of the' stomach 
is not an invariable accompaniment of pernicious anemia. Following 
successful treatment of the anemia by appropriate liver therapy, 
later gastroscopic examinations showed striking changes in the 
appearance of the stomach in each instance. In the case of Patients 
3 and 5, where previously there had been a characteristic appearance 
of marked gastric atrophy, all suggestion of an atrophic process 
had disappeared in the course of 5 months and 2 months, respec- 
tively. In the place of a pale, smooth mucosa with easily visible 
bloodvessels and an absence of the rugae there was a complete 
return to normal color, the rugae appeared normal, no bloodvessels 
could be distinguished, and the appearance was that of a mild 
superflcial gastritis. In Patient 1 the changes were less striking, 
inasmuch as the original appearance, even after the pernicious 
anemia had been present for years, was that of only slight or 
questionable atrophy, but they were of the same nature as those 
just described. This was not surprising in view of the fact that at 
the first gastroscopic examination Patient 1 Avas not in a relapse 
but was suffering from a post-hemorrhagic anemia. In those patients 
shoAving no gross CAddence of atrophy at the first examination there 
Avas also a marked change folloAA'ing a course of specific therapy of ■ 
the preAuous anemia. In both Patient 2 and Patient 4 the initial 
observations were those of marked hjqiertrophic gastritis. FolloAAung 
liA'er therapy there was a gradual but striking return to a normal 
appearance. 

The operative findings in 3 of the 4 patients, Patients 1, 2 and 4, 
AA'ho came to surgery were similar. Unfortunately no adequate 
description of the stomach was given after operation in Patient 3. 
On inspection of the stomach in the 3 cases noted there Avas no gross 
evidence of atrophy, but the appearance was rather one of a diffuse 
inflammatory process Avith marked hypertrophy of the rugse. In 
2 cases, Patients 2 and 4, the rugae were so thickened it was impos- 
sible to determine AA'hether polyps were present or merely a thicken- 
ing of the mucosa (pseudopolyps). None of the 3 patients Avas in 
a scA'ere relapse when operated upon, the red counts being 3.6, 5.5 
and 4 millions, respectively. In the case of Patient 1 , the lowered red 
count AA-as due fundamentally to a recent gastric hemorrhage from 
a polA-poid tumor in the stomach. 

Microscopic examination of gastric tissue removed at operation 
confirmed the obserA'ations already noted. The pieces of tissue 
examined shoAved no CA'idence of an atrophic process in any of the 
cases, although there Avas a marked inflammatory process AA-ith 
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lymphoid cell infiltration and hemorrhage in the mucosa and sub- 
mucosa in two instances. _ • i i 

The Roentgen ray examinations constituted an interesting check 
on our other observations but gave much less accurate information 
than that obtained either by gastroscopy or by direct examination 
at operation. In general it can be said that the chief value derived 
from such examinations was that of noting progress in a given case. 
This was shown in the set of observations obtained in Patient 4. 
In 1927 and 192S three observations were made, all showing marked 
hypertrophy of the gastric rugm which was interpreted as meaning 
a diffuse polyposis of the stomach. Examination of the stomach 
at operation in T928 apparently confirmed these observations, 
although microscopic examination of the biopsy specimen revealed 
only the chronic inflammatory changes present in pseudopolypoid 
formation. After 5| years of constant liver therapy, 2 further 
Roentgen ray studies were made and a year later a final examina- 
tion was made. At the latter examination there was a change of 
such a degree that in the final Roentgen ray it was impossible to 
find any positive variation from the normal except for some appar- 
ent thickening of the mucosa on the duodenal side of the pylorus. 
Gastroscopy performed at the time of the last examination was 
essentially normal. Associated with these changes there had been 
a gradual and steady disappearance of all gastric symptoms. The 
discrepancy between gastroscopic and roentgenologic findings has 
been noted by others and in making an accurate diagnosis of 
atrophic or hypertrophic gastritis, polypoid formation and the like, 
it is undoubtedly true that gastroscopy offers the most valuable 
diagnostic aid that we have. 

It remains to be said that although atrophy was absent in all 
5 patients when the anemia was responding to proper treatment, 
there was present in every case gastroscopic evidence of a definite 
chronic gastritis. 

Re])eatcd examination of the gastric secretion in several of the 
patients revealed no return of hydrochloric acid where previously 
achlorhydria had been present. Such a finding was, of course, to 
be cxijected and has been discussed frequently by others. According 
to Faber, in older patients, regardless of the underlying cause, 
achlorhydria when once established rarely shows any tendency to 
change, even where there is a complete disappearance of all asso- 
ciated symptoms. He also made the important observation, which 
is applicable to the cases under discussion, that achlorhydria may 
be present in the complete absence of any microscopic evidence of 
gastritis and may be considered as one of the earliest symptoms of 
the disease in its chronic atrophic form. 

In view of the nature of the ])receding observations, one cannot 
csca])e the conclusion that adequate treatment of pernicious anemia 
not only permits a proper maturation of red cells but also is asso- 
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ciated with a subsidence of the inflammatory process in the stomach 
itself and the disappearance of the atrophic process. This was 
particularly marked in Patients 3 and 5 iri whom there had 
been striking atrophy of the mucosa at the early examinations 
made during a relapse, with recovery to an almost normal appearing 
mucous membrane after as short a period as 2 months of intensive 
treatment. In the case of Patient 3 a resection of gastric tissue was 
done 1 month after gastroscopy had been performed and liver 
therapy had been instituted. At the time of this gastroscopy there 
was extreme atrophy which corresponded in every way to Henning’s 
description previously quoted. The microscopic appearance of the 
gastric tissue removed at operation 1 month later showed very 
little evidence of an atrophic process. There was some exaggeration 
of the depth and tortuosity of the superficial portions of the antral 
glands and the cells lining the deepest portions of the pyloric glands 
were low. 

The striking changes between the original observations of extreme 
atrophy and the sulisequent observations showing almost normal 
gastric mucous membrane were clearly associated with clinical 
improvement in the patient’s condition arid a corresponding rise iri 
the red count. This apparent change from a very atrophic mucosa 
to a normal one might conceiA’ably be the result of an improvement 
in the anemia with coincident improvement in the local blood 
supply. It would seem more logical, however, to believe that the 
changes noted in the gastric mucous membrane were of the same 
nature as those frequently observed in the tongue. It is a well 
known clinical fact that the glossitis associated with pernicious 
anemia, with its more or less complete obliteration of the normal 
papillfe, undergoes a profound change in many cases following 
intensive specific therapy. Not infrequently the papillse return 
and the smooth appearance of the tongue completely disappears as 
the remission progresses. It is not at all improbable in our opinion 
that much of the gastric atrophy noted in pernicious anemia by 
various observers represents an atrophy of the mucous membranes 
due fundamentally to a specific deficiency rather than to a chronic 
gastritis. The rapid return to normal which we have observed may 
well represent an epithelial change associated with successful treat- 
ment of a specific deficiency state rather than the healing of a 
chronic inflammatory process. One is even tempted to speculate 
as to the possibility that at times the gastritis associated with 
pernicious anemia may follow the degenerative changes in the epi- 
thelium rather than initiate them. By tliis statement we do not 
infer that chronic gastritis may not be a causal factor in certain 
cases of pernicious anemia. The histories of several of the patients 
discussed above suggest very rlefinitely that chronic gastric irrita- 



GASTRIC MUCOSA IN PERNICIOUS ANEMIA 


609 


tion existed for some time before the development of pernicious 
anemia. ■ 

It is of interest that, as in the cases showing marked atrophy, 
St) in those with striking hypertrophy (Patients 2 and 4) there was 
a return to a normal appearing mucous membrane after proper 
treatment. In the' case of those patients with hypertrophic changes, 
the return to normal in'imlved a longer period of time. It is quite 
probable that, in the presence of a hypertrophic gastritis of long 
duration, the response to liver therapy involves not only a specific 
response to the active principle needed in the treatment of pernicious 
anemia but also a gradual subsidence of a definite chronic gastritis. 
In any event, there appears to be little room for doubt that the 
successful treatment of pernicious anemia with the active principle 
contained in liver may be followed by the subsidence of any underlying 
gastritis and a disappearance of associated hypertrophic or atrophic 
changes in the gastric mucous membrane. 

Summary. 1. Five cases of pernicious anemia are presented with 
special reference to the appearance of the stomach before and after 
successful treatment of the disease. Observations of the stomach 
were made by gastroscopic and roentgenologic examination, by 
direct observation at laparotomy and by histologic examination of 
biopsy material. 

2. Evidence is presented which we believe indicates that, contrary 
to most observers, atrophy of the stomach occurs particularly during 
a relapse and not as an invariable accompaniment of the disease. 

3. Evidences of hypertrophic gastritis have been observed by 
Roentgen ray during a relapse and also during the early stages of 
a remission. 

4. Following specific therapy of the pernicious anemia, evidences 
of atrophy and hypertrophy of the stomach have both tended to 
disappear. 

5. We suggest that the change from an appearance of atrophy 
, to that of a normal gastric mucosa frequently represents an epi- 
thelial change associated with successful treatment of a specific 
deficiency state rather than the healing of a chronic inflammatory 
process. 

6. We believe that the apparent return to normal from a grossly 
hypertrophic condition of the gastric mucous membrane represents 
a subsidence of a chronic gastritis. 
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DISTRIBUTION OF THE ERYTHROCYTE POPULATION IN 

REGARD TO DIAMETERS AND OSMOTIC RESISTANCE 
IN SPLENECTOMIZED CASES OF HEMOLYTIC ICTERUS. 

A Contribution to an Understanding of the Pathogenesis 

OF THE Disease. . 

By Dr. G. Momigliano-Levi, 

AND 

Dr. a. Bairati, 

TURIN, ITALY. 

(From the General Medical Clinic of the University of Turin, Director, Prof. F. 

Micheli.) 

The thesis upheld by Italian authors, and especially by Micheli 
and Banti, that the spleen holds a central position in the pathogen- 
esis of the priinaiA’ hemolytic splenomegalies, has been more and 
more confirmed as our knowledge about this interesting chapter of 
pathology has become more accurate. Today, therefore, it may be 
recognized as highly probable that the movens of such 

splenomegalic syndromes is hj^perhemolysis.*- This statement 
does not exclude by any means the existence of a constitutional 
diathesis of the bone marrow toward special kinds of pathologic 
erythropoiesis, a state of affairs which appears only too probable 
if one bears in mind the strikingly different modes of erythropoiesis 
m the primary hemolytic splenomegalies and also in other forms of 
hemolytic anemia, obviously not constitutional, in which the very 
high percentages of pathologic erj'^throcytes that are found in the 
primaiA' forms are far from being attained. 

The study of the curves of erythrocj'^te diameters and of their 
osmotic resistances, in the period immediately following splenectomy 
in cases of hemolytic icterus, has shown profound and rapid modi- 
fications which we have treated in detail in an article now in press, 

* To prevent confusion it should lx: stated that in many countries the primary de- 
fect in hemolj-tic icterus is thought to lie in an inherited defect of the small, fragile 
spheroGj-te. As this article has been translated in our editorial department, the 
authors should not be hold responsible for errors in phraseologj'. — Editor. 
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changes which we would like briefly to comment upon here._ The 
behavior of these curves until now has lacked precise description, 
as the hematologic changes, such as those studied by Gamna, in 
our clinic, refer to a period distant from the operation. If it is 
possible, as one of our cases demonstrates, to change the production 
of microcytes by splenectomy in the direction of normocy tic ery thro- 
poiesis, and to obtain at the same time an almost normal osmotic 
resistance, it is diflBcult not to find therein proof that the bone 
marrow in these patients is not profoundly and constitutionally 
compromised as regards erythropoiesis. 

It is expedient in cases of hemolytic icterus to admit a potential 
disposition of the marrow toward the production of red cells with 
an abnormal structure. Such a disposition might be changed into 
an actual occurrence when the contingencies, such as are present 
in hemolytic icterus, push the marrow to a prolonged hyperactivity 
in compensation for the hemolysis. 

Let us pass without further ado to the data of our 2 cases which 
essentially present the following; 

Instead of the monoapical curve representing the individual 
variations of diameters and osmotic resistance of the erythrocytes 
before splenectomy, there is substituted after the operation a bi- 
apical curve, a fact which demonstrates the existence of a mixed 
erythrocyte population. The existence of this mixed population 
may be, but is not always, transient, tending to evolve into a 
normocytic population with normal resistance. We need not be 
astonished, therefore, that the measurements taken some time after 
splenectomy with methods that are less sensitive than ours do not 
give the same clear indications. 

The 2 cases of hemolytic icterus that we have studied after 
splenectomy* gave the complete sjmdrome of splenomegaly (extreme 
in the first case, the spleen weighing about 1 kg.), acholuric icterus 
(dating from a few days after birth), anemia with a high color index, 
diminished diameters and globular resistance. 

The first case was characterized hematologically (Charts 1 and 2) 
in the pre-splenectomy period by the fact that the red cells were 
almost entirely in the form of spheroidal microcytes (93% of the 
erythrocytes had a diameter less than 7.35 n), and by the fact 

The erythrocytometric and the reticulocytometric curves were obtained from 
dry spreads that had been fixed in methyl alcohol, making at least 1000 counts for 
the erythrocytes and several hundred (generally 300) for the reticulocytes. The 
mea^rcments were made with an optic system of a micrometric value of 1.05^ 
nhich, for the normal subject, gives an almost symmetrical monoapical erythrocyto- 
mctnc curve, formed by 8 di^-isions between 5.77 and 9.45 p and with the following 
statistical values; D = 3.7; p = 7.6; = 0.57; I = -0.01; and a monoapical 

reticulocytometnc cun-o formed by 7 dh-isions between 6.3 and 9.45 p. with the 
ol omng statistical values: D = 3.1; <p = 7.7; a- = 0.5 to 0.55; I generally positive. 

I'or the curve of osmotic resistance Hamburger's method was used. This also 
m^o use of_S divisions between the concentrations of 1.4% and 0.7% of NaiSOi.- 
10U;O, and is monoapical. 
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Chart 1. — Curves of Erythrocyte Diameters. Case 1. 

% of Cells 
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Color 

Corpuscular 
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Hb. 
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April 12 
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3.53 

0.97 

80 

25 

. 88 

3.60 

1.22 


30 

. 88 

4.36 

1.01 

89 

June 26 

. 95 

4.93 

0.96 

85 

Nov. 23 

Splenectomy, April 21, 1934. 
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Chart 2. — Curves of 

Osmotic Resistance of 

Erythrocytes. Case 1 
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that the osmotic resistance was exceptionally low, hemolysis begin- 
ning in the solutions very close to the strength of physiologic salt 
solution. The curve of the erythrocyte diameters was monoapipal 
with the peak at 6.30 (i. It was asymmetrical with a negative 
index of asymmetry (I), the extent of the variation (D) was greatly 
increased, the mean diameter (<r) much diminished and the standard 
deviation (o-) scarcely increased. The curve of reticulocyte diam- 
eters was biapical, with a microcytic peak at 6.82 /z and a normo- 
cytic peak at 7.87 /z. The curve of osmotic resistance was mono- 
apical, with the peak at the point of 1.9% of sodium sulphate, 
producing 40% hemolysis. Beside this peak at 1.9% sodium 
sulphate, there were found two large groups of cells with resistance 
either greater or less than 1.9%, so that the extent of variation of 
the curve was greatly increased. In general the resistance of the 
erythrocytes was less than that of the normal minimilm (1.4%). 

Splenectomy produced not only a rapid disappearance of tlie 
icterus but a progressive decrease of anemia. Examination of the 
erythrocytes after the operation shoujed a rapid decrease of the 
spheroidal forms and of the spheroidal reticulocytes particularly. 
Also there appeared a peak of normocytie elements in the curve of 
erythrocytic diameters in addition to the preexisting peak of micro- 
cytic elements. Thus the curve of erythrocyte diameters became 
biapical, while tlie reticulocyte curve remained monoapical, preserv- 
ing its normocytie peak. The curve of' osmotic resistance quickly 
lost the group of cells with the lowest resistance and became biapical 
by the formation, on the slant of a peak rather close to that which 
was already present, of a second peak of more resistant cells, even 
though still of a resistance below that of a normal minimum. 

The normocytie peak of the curve of red cell diameters increased 
steadilj^ at the expense of the microcj'tic curve until the cunm 
became monoapical with a normocytie peak. It should be noted, 
also,_ that in the curve of osmotic resistance the biapical feature 
persisted more than in the curve of erythrocytic diameters. Also, 
while the left-hand peak of the curve maintained a fairly fixed 
situation, the right-hand peak gradually moved further to the 
right; in other words, approached a normal position. This had 
not been actually completed at the time of the last examination; 
however, there was obtained a hemolysis curve that was fairly near 
nornial, whether this was obtained by the transformation of a 
biapical to a monoapical by complete disappearance of the left-hand 
peak, or as judged by the situation of the peak of hemolysis. 

In any case, the approach toward normal of the diameters of the 
newly formed corpuscles appeared very soon after splenectomy, 
ihe approach toward normal of the osmotic resistance, on the 
other hand, seemed to make its appearance more slowly and was 
even / months after the operation. Thus at the end 
of this period we were not able to speak of normal erythropoiesis in 
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all its aspects, but only from the point of view of the erythrocytic 
diameters. 

In the second case the postoperative behavior was somewhat 
different from that of the first. In short, though there was a rapid 
disappearance of the icterus with increase in strength and coincident 
feeling of well-being and a decrease of the anemia (resulting finally 
in a hjTJerglobulia, even though of slight degree), the return of the 
curves of diameters and osmotic resistance to normal was not 
observed. 


Chart 3. — Ctjrves of Ertthhoctte Diameters. Case 2. 

% of Cells 



■ I ' 1 — I I I I I I I 
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D O' I 
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13.VI.34 5,77 7,01 0,82 +0,2 

25.VI.34 5,25 7,36 0,74 +0,06 

12.XII.34 6,82 7,29 0,72 +0,2 

Corpuscular 


R.B.C., Color volume. 


Dates. Hb. mill, per c.mm. index. cubic micra. 

May 2 52 3.20 0.81 86 

June 13 70 3.58 0.98 

25 78 4.40 0.88 

Dec. 12 95 5.56 0.85 


Splenectomy, June 6, 1934. 


The curve of red cell diameters (Chart 3) in the period before 
the splenectomy was monoapical, with a microcytic apex, and 
exhibited an increased extent of variation. A notable decreased 
mean diameter, an increased standard deviation (o-) and a negative 
index of asymmetry. The hj^ierchromic microcytes made up more 
than one-half, of the globular mass. * 

The curve of osmotic resistance (Chart 4) was monoapical, lyitli 
the peak (amounting to about 35% hemolysis with 1.2% of sodium 
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sulphate) in a position that was almost normal. The minimal 
resistance, however, was notably diminished and the extent of 
variations of the curve was, therefore, not greatly increased. The 
corpuscular population, considered from the point of view of osmotic 
resistance, thus appeared in a large proportion to be fairly near 
normal. 

Chart 4. — Curves op Osmotic Resistance of Ervthrocytes. Case 2. 



13.VI.34 

- ■< 25.VI.34 

12.Xn.34 


After splenectomy there appeared in the curve of red cell diam- 
eters a small normocytic apex beside the microcytic apex; but in 
the curve of hemolysis the extent of variations was increased 
through the appearance of a new class of cells with a lower resistance, 
and ail the percentages of hemolysis in the left-hand part of the 
curve were thereby notably increased. Thus it followed that 
whiles the curve of red cell diameters showed improvement as 
represented by the the heightening of the normocytic peak, which 
became higher than the microcytic peak, and by the marked diminu- 
tion in tlie number of the spheroidal microcytes, while the percentage 
of reticulocytes and the figures for the curve of reticulocyte diam- 
eters returned to normal limit, the curve of osmotic resistance con- 
tmued to exlnbit an abnormal behavior, in that it appeared biapical 

appeared respectively, at the concentration of 1.7% 
and 1.3% of sodium sulphate). 

This abnormal behavior of the resistance of the errtbrocvtes 
corresponds^ closely to the behavior of a case in which at the last 
blood examination, made about 6 months after splenectomy, the 
Schnf continued to be biapical but with a worse 

PT^'^dmg examination. This was due to the 
act that the microcytic peak had now become of the same height 
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as the normocytic peak, with an increase. in percentages of the 
spheroidal microcj^tes. Also in the curve of hemolysis the ab- 
normal position of the principal peak persisted, being localized in 
the concentration of 1.5% of sodium sulphate; in other words, 
in proximity to the minimal resistance of a curve of normal 
hemolysis. The change for the worse of some of the hematologic 
data in this case can probably be related to the reactivation of a 
hyperhemolysis in the organs of the reticulo-endothelial system 
accessory to the spleen. 

Thus the picture presented after splenectomy is characterized 
by biapicality of the curves of red cell diameters and of their osmotic 
resistance. In the case that was apparently cured there was ob- 
served the rapid appearance of a normocytic population in addition 
to the microcytic cells of lowered resistance. The normocytic 
population made its immediate appearance with normal diameters; 
while the curve of the values for osmotic resistance immediately 
became biapical, a change which denoted the division of the popula- 
tion into two distinct groups of different characters. In this curve 
the return of a peak in normal or almost normal position was delayed 
for several months after operation. We then found that both the 
curve of red cell diameters and the curve of osmotic resistance 
became monoapical again through the superposition of a normal 
population on the remnants of the preexisting pathologic population. 
More interesting was the fact that the presence of the two, peaks 
in the curves of red cell diameters and resistance was also found 
in the case which acquired a clinical but not a biologic cure. In this 
case the biapicality of the curve of red cell diameters never dis- 
appeared to give way to a monoapical condition with the peak in 
normal position. The biapicality of the curve of resistance had a 
distinctly different form from that of the case that went on to cure. 

Conclusion. — ^The interest in these observations consists in the dem- 
onstration of the existence of an approximate cure hematologically, s 
as represented by the appearance of a persistent normocytic reaction 
of the marrow, even in those cases of hemobAic icterus which do 
not seem to have been completely cured after- splenectomy, as evi- 
denced by the persistence of microcytosis and of erythrocytic fragil- 
ity, even though slight. We emphasize that the very rapid stabiliza- 
tion of the biapicality of the curves of red cell diameters and osmotic 
resistance after splenectomy documents in the clearest manner the 
capacity of the bone marrow to produce normal cells, at least from 
the point of view of their diameters. This observation is not 
favorable to the liATiothesis that the spheroidal microcytosis repre- 
sents a'constitutional defect of erjffhropoiesis. In our opinion, it is 
evidence in favor of the view that, with the* cessation of hyper- 
hemolysis, that state of affairs disappears which transforms into an 
actuality the potential disposition of the bone marrow to form 
pathologic erythroc\i:es. 



dameshek: biopsy of the sternal bone mabrow^ 61/ 


BIBLIOGRAPHY. 


Banti, G.; La splenomegalia emolitica, Sperimentale, 6G, 91, 1912. 

Banti, G.: La splenomegalia emolitica anemopoietica, Ibid., 67, 323, 1913. 

Bell, J. R., Thomas, F. K., and Means, J. H.; Studies on Red Cell Diameter 
in Health and Pernicious Anemia, J, Clin. Invest., 3, 229, 1926. 

v. Boros, J.; tiber Grosse, Volumen und Form der menschlichen Erythrocyten 
und deren’ Zusammenhang. II Mitt, tiber die Mikrocytose beim hamolytischen 
Icterus. MaygarOrvosiAich.,26, 171, 1925. (Autoreferatin: Kongresszentralblatt, 
f. ges. inn. Med., 40, 69, 1925.) 

Brugsch, J. T. ; Beitrage zur Pathologic der Erythrocytengrossen, Folia hajmatol., 
51, 261, 1934. 

Ceconi, A.: Vecohjo e nuovo in tema di ittero emolitico, Ann. Clin. Med., 10, 
253, 1920. 

Cheney, W. F., and Cheney, G.t Chronic Hereditary Hemolytic Jaundice: With 
a Report of 8 Cases and Notes on Measurement of the Size of Erythrocytes, Am. J. 
Med. Sci., 187, 191, 1934. 

Gamna, C.: L'anisocitoai dei globuli rossi del sangue nel suo significato pato- 
logico e diagnostico, Minerva med., 6, 725, 1926. 

Gunther, H.; Die klinische Bedeutung der Grossenbestimmung der Erythrozy- 
tendurchmesser, Deutsch. Arch, f. klin, Med,, 161, 18, 1928. 

Haden, R, L.; The Mechanism of the Increased Fragility of the Erythrocytes in 
Congenital Hemolytic Jaundice, Am. J. Med. Sci., 188, 441, 1934. 

Meulengracht, E.; Der chronisehe hereditare hiimolytische Iktenis, Leipzig, 
Thieme, 1922 

Micheli, F.: Unmittelbare Effekte der Splenektomie bei einem Fall von envor- 
benem hamolytischen splenomegalischen Ikterus Typus-Hayem-Widal (Spleno- 
hiimolytisoher Ikterus), Wien. klin. Wchnschr., 24, 1269, 1911. 

Micheli, F.; Effetti immediati della splenectomia in un case di ittero emolitico 
splenomegalico acquisito tipo Hayem-Widal, Clin. med. ital., 1, 453, 1911. 

Micheli, F.; Relazione al XXXV Congr. Soc. Ital. Med. Int., Genova, 1929; 
Le splenomegalie emolitiche, II Policlinico. sez. pratica, 36, 1683, 1929. 

Momigliano-Levi, G., and Bairati, A.: Conseguenze immediate e remote della 
splenectomia sulle curve eritrocitometrica, reticolocitometrica e di resistenza osmotica 
dei globuli rossi in casi di ittero emolitico constituzionale. Arch. Sci. Med., 59, 717, 
1935. 


■ Naegeli, 0.; Blutkrankheiten und Blutdiagnostik, Berlin, Julius Springer, 1931. 

Pearce, R., Austin, J. H., and Krumbhaar, E. B,: The Relation of the Spleen to 
Blood Destruction and Regeneration and to Hemolytic Jaundice, J. Exp. Med , 
16, 363, 1912. 

Ponder, E., and Millar, W. G.: The Measurement of the Diameters of Erythro- 
cytes, Quart. J. Exp. Physiol., 14, 67, 1924. 

Pricc-Jones, C.: The Diurnal Variation in the Size of Red Blood Cells, J. Path, 
and Bact., 23, 371, 1919-1920. 

Toydda, T. : Zellstudien bei angeborenem hamolytisehem Ikterus, Folia htematol., 
29, 65, 1923, 


BIOPSY OF THE STERNAL BONE MARROW. 

Its Value in the Study of Diseases of Blood-forming Organs. 
By William Dameshek, M.D., 

ASSOCIATE PHYSICIAN, BETH ISRAEL HOSPITAL, 

BOSTON, SIASS. 

(From the Department of Pathology and the Medical Clinic, Beth Israel Hospital.) 


^ With constantly increasing knowledge in the field of hematology. 
It becomes more and more evident that the blood picture is not 
always an accurate reflection of the underlying abnormalities in the 
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blood-forming organs. The cells in the circulating blood are 
derived from the bone marrow, the lymphoid tissues and the reticulo- 
endothelial system. The number of the cells and their differential 
relationship to each other depend not only upon the phenomena of 
growth and destruction, but upon important factors governing their 
release from the hematopoietic centers. Particularly is this true 
in the case of the bone marrow. The peripheral blood may show 
all the features suggesting a hj^poplastic condition of the bone 
marrow (anemia, leukopenia, thrombocytopenia), and yet the 
marrow itself may be intensely hyperplastic. This is the case in 
both pernicious anemia and primary hypochromic anemia.^ The 
condition of the marrow may be identical in 2 cases of myelosis,, 
although the peripheral leukocyte count in 1 may be 200,000, in 
the other 2000 per c.mm. The most marked leukopenic conditions 
may be associated with a “pyoid” marrow (“maturation arrest”^). 

It has, furthermore, become evident that the same blood picture 
maj’^ be brought about by a number of diverse pathologie conditions. 
Thus; anemia, leukopenia and thrombocytopenia may be asso- 
ciated not only with aplastic and hj’^poplastic anemia, but with 
pernicious anemia, primarj’’ hj^pochromic anemia, the various 
aleukemic leukoses, Hodgkin’s disease, lymphosarcoma invading 
the marrow, metastatic carcinoma, Gaucher’s disease and possibly 
Banti’s disease. It is true that certain clues in either the clinical 
laboratory" or hematologic findings usually permit an accurate diag- 
nosis, but an occasional case presents itself in which all efforts at 
exact diagnosis are at an impasse. It is here that the value of the 
bone-marrow biopsy as a diagnostic procedure has become increas- 
ingly important. 

Besides its obvious importance in clinical diagnosis, biopsy has 
been found of great value in the study of the various “blood” 
diseases. By focussing attention on this all too poorly" studied 
tissue, it has made the pathologist conscious of the unusually inter- 
esting histologic pictures which may be present, most reliance in 
the past having been placed on the gross appearance of the marrow. 
Special studies of the bone marrow in various diseases are being 
made and rapidly" adding to the extent of our knowledge of the once 
my"sterious “blood diseases.” 

Methods and Material. The first clinical marrow biopsies were per- 
formed, in 1908, by Ghedini.® Wolff,'* in 1903, had already utilized the 
biopsy in experimental animals and pointed out that the method might 
be of clinical value. Ghedini,® Spuler and Schittenhelm,^ in 1913, Zadek,“ 
in 1921, Morris and Falconer,*' in 1922, all used the tibial marrow, which is 
not only difficult of approach but often gives negative results. Impetus 
was given these stuffies by Seyfarth,* in 1923, when he introduced puncture 
of the sternum. This bone is easily accessible, its anterior lamella is only 
5 mm. in thickness, and it can readily be punctured by a small hand trephine. 
Weiner and Kaznelson,® in 1926, extended Seyfarth’s few observations, and 
in the same year Escudero and Varela^® gave their first reports indicating 
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the diagnostic value of the sternal bone-marrow biopsy. The results of 
their 9 papers-are reviewed in their report of 1932.-^ Peabody/^ m 1926, 
was still utilizing the tibia in his studies of the bone marrow in pernicious 
anemia, but since then all the reported studies have been made on the 
sternum. Arinkin,!^ ^ 1929, modifying Seyfarth’s metliod;by introducing 
a -hollow needle into the sternal marrow cavity and removing some of the 
liquid or semiliquid marrow, was able to study 180 cases. Arjeff,'® in 
1931, modified Arinkin’s method slightly, and Tuschinsky and Kotlarenko.i^ 
in 1932, and Tempka and Braun,i^ in the same year, carried, on investiga- 
tions (using Arinkin’s technique) of typhoid fever and pernicious anemia. 
Isaacs,'® in 1930, studied the “physiologic histology” of the sternal bone 
marrow and Pokrowsky'^ correlated the state of the reticulocytes in the 
marrow, with those in the peripheral blood. Recent reports have been 
made by Barta'** (22 cases), Nordensen'** (170 cases with Arinkin's tech- 
nique), Kossirsky,^'’ Spartaco,-' and Custer." _ _ ... 

Most of the investigations have been carried out with the sermliquid 
material obtained either with a hollow needle or by curette following the 
use of Seyfarth’s trephine. Smears of this material have been studied as 
with the blood. Custer,^® who has reported systematic observations of the 
bone marrow both from postmortem and biopsy studies, emphasizes the 
value of the study of properly fixed sections. In the present investigation, 



Fig. 1.— The bone marrow trephine (slightly less than actual size), and stilet for 
extraction of the plug of bone from the “crown.” 


Seyfarth’s technique has been utilized, both smears and sections being 
prepared. About 125 l)iopsies have been performed in miscellaneous 
hematologic conditions. Seyfarth’s trephine, slightly modified, was made 
for us by Codman and Shurtleff, of Boston (Fig. 1). It is essentially a 
small, steel hand trephine such as is used in trepliining the cranium of 
cats and dogs, the essential feature being a saw-toothed crown, 5 mm. in 
diameter and 5 mm. long to the bevelled edge. A central protruding cutting 
edge is present, and small holes at the base of the crown allow entrance of 
a stilet for the purpose of extracting the bone which is contained after 
biopsy. I have added a handle at the top of the instrument, to allow a 
better grasp and more sustained pressure. The sternum is used on account 
of its accessibility and thin anterior lamella. The procedure is done under 
aseptic precautions, rubber gloves and sterile gowns being worn. Novocain, 
1 %, is used as a local anesthetic, the skin over the midstemum in the region 
of the third or fourth intercostal spaces being infiltrated. A 2- to 4-cm. 
mcision is made directly m the midline, the edges of the wound being 
retracted uith .^is forceps. The periosteum, after being infiltrated ndth 
imvoram, is incised and retracted by the use of a small periosteal elevator. 
The bone-marrow trephine is now placed directly over the bare surface 
of the bone, slight pressure is_made, and with a -rotating motion from side 
to side, the marrow cawty is entered. At the moment of entrance, a 
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“give” is felt, as when entering the spinal canal. With a slight rocking, 
motion, the trephine is removed together vdth its enclosed plug of bone. 
The resultant cawty is carefull 3 '- scooped out by means of a fine curette, 
such as is used in ophthalmologic surgerj'-, and the soft marrow, thus ob- 
tained is spread out as with blood smears on sterile glass slides. Touch or 
imprint preparations are also made either from the plug of bone in the 
trephine or from small bits of bone removed by curette. These are very 
gentlj’^ smeared on glass slides. The wound is closed ivith one deep silk- 
worm-gut suture and 2 to 4 horse-hair skin sutures. 

Tv'o tjTies.of bone-marrow preparations are obtained by this method; 
sections and smears. The small plug of sternal bone (5 mm. in diameter 
by 5 mm. in length) is immediately placed into 100 cc. of Zenker’s fixative 
solution containing 5 cc. of glacial acetic acid. After 48 hours, there is 
usuall}’^ sufficient decalcification so that microscopic sections can be cut. 
In rare instances, nitric acid must be used for decalcification. The sections 
are then run tlirough as in routine pathologic work, and stained with eosin 
methjdene blue. Hematoxylin and eosin may be used, but this staining '' 
combination does not give as clear cellular detail. The sections are invalu- ' 
able for a general picture of the bone-marrow relations, and for the proper 
understanding of normal or abnormal islands of hematopoietic cells. How- 
ever, for exact cytologic studj' the marrow smears cannot be excelled. 
Wright’s stain, diluted half and half unth absolute methyl alcohol is used, 
the stain being allowed to remain for 2 minutes before water is added, the 
mixture of stain and water remaining for 4 to 8 minutes. Giemsa’s stain 
followed by clearing in xjdol, has latelj' been found much more satisfactory. 
Differential counts of the marrow smears and sections are made, the smears 
usually being far more satisfactory for this procedure. The following ceU 
tjT^es are set dovm : 

Normoblasts. 

Erythroblasts. 

Nucleated red blood cello 

Promegaloblasts . in pernicious anemia. 

Erytlirogones 

Mature neutrophils. 

Metamyelocytes. 

Mj^elocjd^s. 

Wliite blood cells . . Pre-mj'elocjdes. 

Mj’^eloblasts. 

Eosinophils. 

Histiocytes. 

Megakar3"oc5des. 

Differentiation of the various cell types is not a simple matter and can 
onty be mastered bj’’ long practice. It is probably best to begin by the 
careful cj^tologig studj’- of the peripheral blood from cases of chronic myelosis 
(myelogenous leukemia). 

The white blood cells are tabulated under the respective headings as 
noted above. These are counted in successive oil-inunersion fields, each 
type of cell being searched for, and its number being recorded. The 
nucleated red blood cells in the same fields are also recorded. The_ ratio 
of nucleated red blood cells to white blood cells is obtained after a suitable 
number (200 to 500) of white blood cells are counted, and the differential 
percentages of each type of wliite blood cell are calculated. 

The Normal Marrow. The most careful studies of the normal 
marrow have been made by Custer, who compared the marrow 
from the various bones at different ages. He found that the 



dameshek; biopsy of the sternal bone- marrow 621 

marrow from different bones varied in cellularity; that the sternum 
under normal conditions always contained cellular marrow and 
was most suitable for biopsy study, but that marrow from the 
vertebrae was the most highly cellular, the more constant in cellular 
composition and more suitable for postmortem study. In the 
present study, no -biopsy specimens Avere obtained from entirely 
normal subjects,* so that standards for normality rvere necessarily 
deri^md from the study of postmortem material. The bone marrow 
was routinely examined from a large number of autopsies. Usually 
marrow was obtained from one of the ribs by expressing some of 
the soft material from a cut end. This made decalcification in 
nitric acid unnecessary. Fixation was made in Zenker’s solution, 
parafiin sections being run through in the ordinarj^ Avay and stained 
with eosin methylene blue. The best specimens were those obtained 
within a few hours after death. Specimens obtained 12 hours or 
more after death Avere often difficult to study for cellular detail. 
Unless autopsy was performed within an hour or two after death, 
the sections were usually decidedly inferior to those obtained at 
biopsy. Bone-marrow smears from autopsy specimens were ordi- 
narily of little value. 

It is almost impossible to obtain a normal marroAv from an 
autopsy specimen, since death, unless accidental, is due to some 
definite cause and is frequently associated Avith a terminal infection. 
HoAAmAmr, since the gross abnormalities, due to such “blood” diseases 
as leultemia and pernicious anemia, are usually absent, it is possible 
to obtain from the study of a large number of specimens a fairly 
accurate idea as to the relative percentages of various cells and the 
ratio of the nucleated red blood cells to white blood cells. 

Results. From a study of about 200 bone-marrow sections 
obtained at autopsy, it is possible to present the following figures 
as representing the approximate cellular constituents found in the 
normal (rib) marrow; 

Ratio of nucleated red blood cells to white blood cells: approxi- 
mately 1 to 1 (A’^ariation from 0.6 to 1 to 1.2 to 1). 

Differential Count of the White Blood Cells: 

Mature neutrophils, 2 to Pre-myelocytes and myelo- 
5%. blasts, 1 to 5%. i 

Metamyelocytes, 20 to Eosinophils, 1 to 5%. 

Histiocytes, 1 to 2%. 

Myelocytes, 30 to 50%. 

Differential Count of the Red Blood Cells: 

Normoblasts, 80%. Erythroblasts, 20%. 

•Tlie megakarj'ocytes are sprinkled throughout the section, 2 to 
10 usually being seen in counting 300 wffiite blood cells (0.7 to 
3.3%). 

Bono morrow which appeared to be entirely normal was obtained from a few 
patients with malignant hypertension. 
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A. Gomphcahons. Biopsies were done in a variety of hemato- 
logic conditions, ranging from severe anemia to polycythemia and 
from agranulocytosis to leulcemia, as well as in cases presenting 
marked reduction in blood platelets. Two slight complications were 
encountered. In a case of diffuse acute lupus erjdhematosus,' the 
skin wound failed to heal property; in a case of chronic myelosis, a 
moderate degree of hemorrhage took place when the skin sutures 
were removed. Oozing at the time of operation in cases associated 
with marked reduction in blood platelets was always controlled by 
pressure. In no case was it necessarj'^ to use bone wax, although 
its use was considered in one or tnm instances. 

B. Classification of Cases and Description of Bone-marroio Findings. 
The following is a classification of the diseases in which biopsy was 
done; 

Pernicious anemia. 

“Primarj'” ty'pochromic anemia. 

Secondary' h^'pochromic anemia. 

Congenital hemolytic anemia. 

Aplastic anemia. 

Ity^poplastic anemia. 

hlyelosis (myelogenous leu- 
kemia) . 

Chronic leukemic. 

Chronic aleulcemic. 

Acute leukemic. 

Acute aleukemic. 

Lymphadenosis (lymphatic 
leukemia). 

Chronic leul<emic. 

Chronic aleukemic. 

? Chronic leukemic. 

Since this paper deals chiefly with the diagnostic value of the 
bone-marrow biopsy, no detailed descriptions of the findings at 
biopsy in the various conditions classified above will be given. 
However, a few general remarks (limited to wliat was actually 
found at biopsy) will be made about each condition in which a 
biopsy was done. 

Pcrnicions Anemia. Fourteenbiopsies were performed. In 5 cases, 
biopsies both before and after treatment were made. In relapse, the 
marrow is characteristic : hyperplastic, without fat cells, and present- 
ing large numbers of large embrjmnic nucleated red blood cells (pro- 
megaloblasts and megaloblasts) . These are often present in " islands” 
and mitotic figures are numerous. Numerous cells resembling 
small lymphocytes, which have been called “ei^'throgones” are 
seen. Histiocytes are increased in number and apparent transitions 
beti\'een these embr>'onic cells and the promegaloblasts can be seen 
(Fig. 2). The percentage of normal nucleated red blood cells is 


Reticulosis ' (monocjdic leu- 
kemia). 

Acute leukemic. 

Chronic aleulcemic. 
Agranulocytosis. 
Polycythemia vera. 

Purpura haemorrhagica. 
Hodgkin’s disease. 
Lymphosarcoma metasta- 
sized to marrow. 

Banti’s disease. 

Lupus erj'thematosus acuta. 
Enterogenous cyanosis. 
Chronic nephritis. 

Malignant hypertension. 
Hemochromatosis. 



Fig. 2. — Photograph of water-color paintings of red blood cells observed at sternal 
bone-marrow biopsy in a case of pernicious anemia in relapse. The cells, numbered 
1 to 15, inclusive, illustrate what appear to be transitions in the development of the 
red blood cell of pernicious anemia from the histiocyte to the mature macrocyte, 
1, Typical histiocyte (hemohistioblast) ; 2, 3a and 35, early promegaloblasts (these 
cells retain many of the features of leukocytes); 4, 5 and G, promegaloblasts; 7 and 8, 
mogaloblasts; 9 and 10, proerythroblasts; 11, 12 and 13, erythroblasts; 14, normo- 
blast; 15, erythrocyte (macrocyte); 16, “erythrogones" (lymphoid-looking cells 
found in pernicious anemia); 17a, 176, 17c, 17d, megaloblastic cells in various types 
of mitosis. 






Fig. 3. — Photomicrograph of section of stomal bone marrow removed at Iriopsj- in 
Case M. C. (Table 1). Aleukemic myelosis. ( X 98.5.) Note the largo number ot 
proliferating myeloblasts with prominent nucleoli the few myelocytes (.Utf)' 

and the marked reduction in nucleated red blood cells (Fry). 

Fig. 4. — Photomicrograph of section of sternal bone marrow in Case M. G. (Tabic .i). 
Lvmiihosarcoma of spleen metastasizing to bone marrow. Smears show no marrow 
ce'lls Sections show replacement of normal marrow ti.s.sue by loose hbrous tis.suc. 
( X 9S.5.) 






Fig. 5 . — Photomicrograph of section of spleen removed at operation in Case M. G. 
(Table 3). Complete replacement of splenic architecture by rapidly proliferating 
primitive ceils; lymplioldasts. ( X 700.) 

Fig. 0. — Pliotoraicrograpli of section of sternal lione marrow in Case F. L. (Talde 4). 
Myelosarcoma (cliloroma) with terminal aleukemic myelosis. ( X 9S.5.) Stuffing 
of marrow cavity with iiroliferatmg myeloblasts (Mub). Rare erythroblastic cell or 
megakaryocyte. 

Fig. 7. — Photomicrograph of section of tumor of uterus removed at operation in 
Case F. h. (Table 4). Myelo.sarcoma of uterus. (X 9S5.) Dopa stain. Note the 
neoplastic process composed of embryonic cells (mveloblasts). many of them showing 
a positive ‘•dopa" reaction. 




Fig. S. — Pliotomicrograph of section of bone marrow in Case M. Z. (Tabic 5). Suli- 
acute aleukemic Ijunpliadono-sis. ( X 985.) Note tlio largo number of lymphoblasts 
(ij/6) and lymphocytes (Ly) inflitrating tlio marrow tissue. 

Fig. 9. — Photomicrograph of section of bone marrow in Case Ellen O’C. (Table 0). 
Hvpoplastic anemia ; arteriosclerosis. ( X 70.) Koto the marked increase in number of 
fat cells (sternal marrow) . At the right is seen an arteriole showing ciidcnccs of sclerosis. 




Fig. 10. — Pliotoniicrograph of section of bone marrow in Case R. R. (Table 7) 
Aleukemic myelosis, (x 9S5.) Note the crowding of the marrow with granulocytic 
cells, myeloblasts (.Iftl) and myelocytes (.Vt/c), myelocytes predominating. 

Figs. 11 and 12. — Photomicrographs of section of bone marrow in CaseK. S. (Tables). 
Lymphosarcoma metastasizing to bone marrow. Fig. 1 1. low power ( X .300) and Fig. 12. 
high power ( X 1000). Note the mass of proliferating cells infiltrating and invading the 
normal marrow tissue (.Y.l/). The proliferating cells arc identified as Ivmiihoblasts 
(iW). A mitotic figure (.1/0 is seen. 
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markedly diminished, their number varying .with the degree of 
relapse. In severe relapse, only a few erythroblasts and normo- 
blasts are seen. After the institution of liver treatment, the marrow 
resumes to great extent its normal appearance; normoblasts are 
now the predominating cell and only a rare megaloblast is seen. 
The white blood cells now become present in normal numbers, 
together with great diminution in the histiocytes and the “ erjThro- 
gones.” • ' 

, Secondary Hypochromic Anemia. Of 3 cases studied, in 2 the 
anemia was associated with hypernephroma and the marrow showed 
hypoplasia of the erjAhroblastic tissue; in the other, with chronic 
hemorrhage the red cell-forming tissue was hyperplastic. 

Primary Hypochromic Anemia. ICaznelson, Reimann and Wein- 
ner,^^ and have described the bone-marrow findings in this disease. 
The disease may be idiopathic in nature or may be associated with 
diverse etiological factors leading to a chronic iron deficienc.y state. 
Clinically there is anemia of lov'- color index and of small red cells 
associated with achlorhydria. The bone marrow, despite the often 
striking anemia, is hj^perplastic. There is great increase in the 
normal nucleated red cells (erythroblasts and normoblasts), megalo- 
blasts not "being found. I have likened the bone-marrow findings 
in this disease with those found in pernicious anemia.^ The bone 
marrow in both conditions is, despite the anemia, hyperplastic, 
the red cells apparently being unable to mature properly unless the 
appropriate medication (liver extract in the one case, large doses 
of iron in the other) is given. Crowding of the marrow by increased 
formation of nucleated red blood cells results in some diminution 
in both the white blood cells and megakaryocytes. 

Congenital Hemolytic Anemia. The bone marrow has been but 
little studied in this disease. Biopsies were done in 2 cases: in 1, 
the ratio of red blood cells to white blood cells was 0.4 to 1, and the 
percentage of erythroblasts was greatly increased (80%); in the 
other, the ratio of red blood cells to white blood cells was about 
1 to 1, and here, too, there was a marked relative increase in erythro- 
blasts (to 80%). In this case there was a definite increase in 
histiocytes, although no cells ivith phagocytosed inclusions could 
be seen. 

Aplastic Anemia. Of 5 cases studied, in 4 severe cases the marrow 
was almost entirely converted to fat, only a few cells being present. 
In a fourth, due apparently to repeated “courses” or arsphenamin, 
there was almost complete absence of nucleated red blood cells 
(ratio of red to white blood cells, 0.075 to ]), although white blood 
cells were present in fairly large numbers. After several transfu- 
sions, this patient finally recovered completely. 

Myelosis. In 10 cases studied, the findings varied directly with 
the type of the disease — whether acute or chronic. In the chronic 
t^'pe— leukemic or aleukemic — there was marked increase in leuko- 
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cytes, the ratio of red blood cells to white blood cells varying from 
0.05 to 1 to 0.7 to 1. Differential count of the white cells was 
distinguished by a marked increase (often up to 40 to 50%) in 
myeloblasts, myelocytes, however, being present in almost normal 
numbers. The normal growth of red blood cells and usually of 
megakaryocytes is interfered with by the large numbers of pro- 
liferating white blood cells, although in one case large numbers of 
megakaryocytes were found. In the acute cases the marrow was 
overrun by large numbers of myeloblasts, frequently in mitosis, 
myelocytes and more mature neutrophils being but rarely seen. 
In this mass of cells there is almost complete disappearance of 
nucleated red cells and megakatyocytes. In 2 subacute cases the 
findings were intermediate betumen those of chronic and acute 
leukemia. Whether the white blood cell count was high or low 
(leukemic or aleukemic leukemia), the cellular picture in the bone 
marrow was found to be identical. 

Lymx>hadenosis (Lyviphatic Leiilcemia). The bone marrow in 
6 cases of the chronic variety of this disease showed varying degrees 
of invasion with lymphocytes, with variable distortion of and 
interference with normal cell growth. In 1 case in which the 
diagnosis of early chronic lymphatic leukemia was suspected, 
because of long-standing absolute lymphocytosis (white blood cells, 
15,000; lymphocytes, 70 to 80%), the marrow showed the presence 
of more lymphocytes than of ordinary bone-marrow white cells. 
There appeared, however, to be little interference with red blood 
cell growth. 

Reticulosis {Monocytic Lenlceynia). P® have described the bone 
marrow findings in this third type of leukemia, which is distinguished 
hematologically by marked increase in monocytes and histiocytes. 
The acute type exliibits overvdielming proliferation of histiocytes, 
only a small amount of reticulum being present. In an ^xample 
of the chronic aleukemic type which was studied, there was marked 
increase in reticulum with the presence of numerous giant cells. 

Agranulocytosis. In 1 patient studied there was complete absence 
of mature neutrophils, metamyelocytes and myelocytes, the only 
remaining leukocytes being a few myeloblasts. 

Polycythemia Vera. ■ The bone marrow was studied in 4 patients 
with this condition, in whom the red blood cell count ranged between 
7,000,000 and 9,000,000. In each case there was marked hyper- 
plasia of both red and white blood cell forming elements, the ratio 
remaining normal (1 to 1). Fat cells were conspicuously dimin- 
ished. Occasional islands of primitive nucleated red blood cells 
could be seen. The megakarjmeytes were conspicuously increased 
in number. The bone marrow thus showed a generalized prolifera- 
tion of its three elements: erythroblasts, meyloblasts and mega- 
karyocytes. 
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Secondary Polycythemia. The polycythemia in this case (K.) 
was secondary to chronic cardiac and pulmonary disease. Approxi- 
mately the same findings as were present in the “true” type of 
polycythemia were observed. 

Purpura Hemorrhagica. In 1 chronic case in which the blood 
platelet count was 40,000 per c.mm., the bone marrow disclosed 
nothing remarkable. Megakaryocytes were present in normal 
number, although they appeared smaller than normal. This patient 
had a long remission after splenectomy, but is now again in relapse. 

Hodgkin’s Disease. Recent papers have directed attention to 
the generalized character of the lesions in Hodgkin’s disease. In 
a recent paper P® have discussed the cell type involved and have 
presented reasons for assuming that it is of the reticulum cell 
(histiocyte) series. In 6 cases of Hodgkin’s disease studied at 
biopsy, the leukopoietic elements in the bone marrow were markedly 
hj^erplastic, the ratio of white to red blood cells being conspicuously 
increased. In each case there was marked increase in immature 
leukocytes. Thus, in case C. G., there were 12% myeloblasts and 
pre-myelocytes, in case A. M. these cells numbered 24.6% of the 
total leukocytes, and in case E. B., 36.2% of these cells were present. 
The histiocytes were increased only slightly in case C. G. and E. B. 
(2.8% and 2%, respectively), but were markedlj" increased in 
case A. M. to 24%. In the latter case the disease appeared to be 
more generalized than in the other two and was associated with 
marked anemia, leukopenia and splenomegaly. The megalcaryo- 
cytes in this case were also greatly increased, as many as 7 being 
found in one oil-immersion field. These giant cells were normal in 
the remaining cases. 

Lymphosarcoma With Metastasis to Bone Marrmv. This is a rare 
lesion, although I have observed it in 5 cases. In 3 cases in which 
biopsy was done, the bone marrow showed almost complete absence 
of normal marrow tissue, with large numbers of lymphoblasts and 
a few lymphocytes. 

Banti’s Disease. The great majority of cases diagnosed as Banti’s 
disease which I have seen have been found on more careful study 
to be some other disease, usually chronic aleukemic myelosis. In 
1 case (S. W.) studied witli bone-marrow biopsy, however, the 
diagnosis at present appears to be that of Banti’s disease rather 
than that of aleukemic myelosis, as originally considered. In this 
case there was clinically several attacks of hematemesis, marked 
splenomegaly, leulcopenia, thrombocytopenia and moderate anemia. 
Bone-marrow biopsy showed increase in white blood cell-forming 
elements, witli increase in embryonic white blood cells (myeloblasts 
and pre-myelocytes) to 44%. The diagnosis in this patient is still 
in doubt, although Banti’s disease appears to be at present the 
most probable. 
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Acute Lupus Erythematosus. The acute or disseminated form of 
lupus erythematosus appears to be a general disease rather than 
one limited to the skin. ' In 1 case in which biopsy was done there 
was, besides the skin lesions, splenomegaly, generalized lymph-node 
enlargement, leulcopenia, thrombocytopenia and moderate anemia. 
The bone marrow disclosed a definitely hyperplastic marrow with 
small areas of necrosis affecting particularly tlie leukopoietic ele- 
ments. There was an increase in reticulum cells throughout the 
section. 

Enterogenous Cyanosis. In this highlj'^ unusual case there was 
clinically a slate-gray-blue color of the skin and mucous membranes, 
moderate hypochromic anemia and diarrhea, apparently due to pin- 
point ulcerations in the rectum. There was a varying percentage 
of “inactive” hemoglobin, the oxygen-carrying hemoglobin (as 
determined by the Van Slyke-Neill oxygen capacity method) being 
much less than the total hemoglobin (as determined by the Wong 
iron method or the cyanhemoglobin method of Stadie). Spectro- 
photometric studies showed at times methemoglobin, at times 
sulphhemoglobin, at times both. The bone marrow showed hypo- 
plasia of the red cell-forming elements, the ratio of nucleated red 
to white blood cells being 0.34 to 1. There was definite increase in 
histiocytes to 10%. 

Chronic Nephritis. In 4 cases of chronic nephritis associated with 
more or less marked nitrogen retention and moderate to marked 
anemia, the biopsy in each case showed distinct hypoplasia of 
erythropoietic tissue, neither the leukopoietic elements nor mega- 
karyocytes being affected. 

C. The Use of the Bone-marrow Biopsy in Clinical Practice. At 
the beginning of this study, the bone-marrow biopsy was resorted 
to in almost every hematological case whether or not a diagnostic 
problem presented itself. In this way standards of comparison 
were obtained, together with actual information which had hereto- 
fore not been well documented. In the past 2 years, however, the 
biopsy has been chiefly utilized when diagnosis was actually in doubt 
and when it seemed probable that it could be settled by this test. 
Of the approximately 125 cases in which biopsy was done, the 
exact hematologic diagnosis remained in doubt in 26, even after 
careful clinical, laboratory and hematologic studies had been made. 
Of this group of 26, the diagnosis was deflnitely established at 
biopsy in 20; in 6, the diagnosis still remained in doubt even after 
biopsy. A short resume of IS cases in which diagnosis was difiicult 
will be given, together with the findings at biopsy, only positive 
findings being reported. The following abbreviations will be used: 
R.B.C. (red blood cell count), W.B.C. (white blood cell count), 
N. (neutrophils), L. (lymphocytes), M. (monocytes). 
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Case Abstracts. 1. M. C. Seen witli Dr. U. B. Buck at_Ne\v England 
Baptist Hospital. Pre-biopsy diagnosis: unexplained anemia; ? agranulo- 
cytosis. Biopsy diag7iosis: acute aleukemic myelosis (Table 1). 


Table 1. — (Case M. C.) 


Clinical Findings. 

History: female, aged 46. Weakness 
since ' July, 1928. September, 1928, 
pain in region of anus together with 
marked swelling. October 15, 1928, 
hemorrhoidectomy followed by increas- 
ing weakness and pallor. 

Examination: necrotic ulceration of rec- 
tum, marked pallor. 

Blood Findings. 

Hemoglobin, 60 to 17%. 

R.B.C.. 3.2 to 1.08. 

W.B.C., 4000 to 1700. 

Platelets, 100,000. 

Red blood cells: achromia -p, anisocy- 
tosis -p-i-, poikilocytosis +-f. 
Differential count: P., 4; L., 80%; M., 
16%. 

Final Clinical Diagnosis. 

Agranulocytosis. 

Unexplained anemia. (Previous diagnoses; typhoid fever, miliary tuberculosis, 
etc.) 

Bone-marrow Biopsy. 

Many islands of actively proliferating 
myeloblasts. Conspicuous reduction in 
erythroblastic cells and in megakaryo- 
cytes. (Fig. 3.) 

Diagnosis: acute myelosis. 

Further Findings. 

Postmortem: large spleen, with but little 
change microscopically. Bone marrow 
showed active hematopoiesis with many 
megakaryocytes. 

Final Diagnosis. 

Acute (aleukemic) myelosis. 


2. Rhoda L. B.I.H. 7287. Pre-biopsy diagnosis: chronic unexplained 
anemia; ? atypical lymphoblastoma; ? aleukemic lymphadenosis. Biopsy 
diagnosis: lymphosarcoma or lymphadenosis with bone-marrow invasion. 
Final diagnosis: chronic aleukemic lymphadenosis. 

An American-Jewish girl, aged 41 years, became nauseated 5 weeks before 
admission to the hospital, on August 19, 1930. She gradually became list- 
less and pale. On examination she showed rather marked paUor, moder- 
ately enlarged cervical lymph nodes and a few small axillary lymph nodes. 
Blood studies: hemoglobin, 29%; R.B.C., 2,110,000; W.B.C., 2100; plate- 
lets, 274,000; reticulocytes, 0.4%. Differential count: N., 7%; L., 84%; 
M., 9%. Several lymphocytes were definitely abnormal and an occasional 
questionable lymphoblast was seen. Bone-marrow biopsy (September 17, 
1930) ; almost complete replacement of the bone marrow by large numbers 
of Ismphoblasts. In counting 1000 Ijmphoblasts only 3 myelocytes, 2 
metamyelocytes, 1 mature neutrophil and 2 normoblasts were seen. Course: 
There was mild fever. The patient was given two transfusions of blood, 
ferric ammonium citrate and liver extract without appreciable effect. The 
liver gradually became enlarged. The patient was discharged in essen- 
tially the same condition as on entrance. In November, 1930, she began 
to improve, and there was rise in hemoglobin, erythrocyte and leukocyte 
counts to almost normal; There was continued improvement for about 
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6 months, but in March, 1931, she again became weak, listless and pale. 
At that time there was generalized erdargement of lymph nodes, Iwer and 
spleen; the leukocyte count was 12,000 to 15,000 per c.mm., Avith 80 to 90 % 
Ijunphocjdes. The patient died in April, 1931. Autopsy Avas not obtained. 
Final diagnosis: chronic lymphatic leukemia (aleukemic) ; ? lymphosarcoma 
A\nth metastases to bone marroAAn 

3. Moses S. B.I.H. 5144. Pre-hiopsij diagnosis: splenomegaly, ? type; 
Banti’s disease. Secondary anemia. First biopsy diagnosis (January 25, 
1930); hj'poplastic marroAV. Second biopsy diagnosis (April 28, 1931): 
chronic (aleukemic) meylosis. 

A Jewish clothing peddler, aged 70, entered the hospital, on January- 21; • 

1930, complaining of pallor, wealcness and SAvelling of the abdomen of 
about 1 year’s duration. Examination disclosed sallow-yelloAV pallor, 
ascites and a large thin spleen extending to the crest of the ilium; the hver 
was not felt. Blood studies: hemoglobin, 48%; R.B.C., 2,690,000; W.B.C., 
3600; platelets, 140,000; reticulocytes, 3.5%. The red blood cells shoAA^ed 
sUght achromia, moderate anisocytosis and poikilocytosis. Differential 
count: N., 56% (8 band forms) ; L., 31%; M., 7 %; E., 6%. Interpretation 
of blood picture: hypoplasia or destruction of bone marrow, ? type. Bone- 
marrow biopsy (January 25, 1930): ratio of nucleated R.B.C. to W.B.C., 

1 to 0.64. Differential count of the W.B.C.: mature neutrophils, 7%; 
rhetamyelocytes, 26.8%; myelocytes, 30.7%; pre-myelocytes and myelo- 
blasts, 22.2%; eosinophils, 15%. The bone-marroAV sections showed 
nothing remarkable. 

The patient was readmitted on April 16, having felt better until January, 

1931 . There were signs of cardiac decompensation Avith fluid at both bases, 
ascites and a large balottable spleen. The blood picture showed no material 
change from the previous year, i. e., there was anemia, leukopenia and 
thrombocytopenia, interpreted as signifying a hypoplastic bone marroAV, 
due to (1) ? “splenic anemia” Avith fibrosis, (2) myelogenous leukemia 
(aleukemic), (3) neoplastic metastasis to the marrow. A second bone- 
marrow biopsy was done on April 28. Parts of the section showed hyper- 
plasia, the cell type being the myeloblast. Bone-marrow smears shoAved a 
ratio of W.B.C. to nucleated R.B.C. of 1.4 to 1, Avith 18% myeloblasts. 
Course: The cardiac decompensation improA^ed. There Avas marked 
reduction in size of the spleen folloAving Roentgen radiation. The patient 
is still being followed. The blood picture remains essentially the same. 

4. EmmaB. SeenAvithDr.J.H. Pratt at New England Baptist Hospital. 
Pre-biopsy diagnosis: splenomegaly ? type; ? pernicious anemia. Biopsy 
diagnosis: chronic (aleukemic) myelosis. 

A woman, aged 49, complained of increasing weakness, epigastric pain, 
and loss of weight, beginning in August, 1930. Examination, November 29, 
disclosed marked pallor, a red tongue denuded of coat, and a large spleen 
extending to the crest of the ihum. Blood studies: hemoglobin, 35 to 40%; 
R.B.C., 1,820,000 to 2,200,000; W.B.C., 1600 to 3400; platelets, 22,000 to 
120,000; reticulocytes, 5.5%. Differential count of the W.B.C. showed: 
mature neutrophils, 46%; metamyelocytes, 18%; myelocytes, 0.8%; L., 
22.8%; M., 11.6%. Interpretation of blood studies: a “destructive” con- 
dition of the bone marrow (anemia, leukopenia, thrombocytopenia), prob- 
ably leukemic in type. Bone-marrow biopsy (November 29, 1930): a 
hyperplastic marrow with areas of proliferating myeloblasts. Differential 
count of the bone-marroA\" leukocytes: mature neutrophils, 2%; meta- 
myelocjdes, 19.5%; mj'elocytes, 19%; pre-myelocytes and myeloblasts, 
51%; histiocytes, 4%. Diagnosis: chronic aleukemic myelosis. The 
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patient died on December 7, 1930, following severe hemorrhages from the 
lungs, throat and nose. Autopsy not obtained. 

5. Charles M. Seen with Drs. Smart and Robinson, Laconia, N. H.* 
Pre-biopsy diagnosis: chronic unexplained anemia; relapsing fever. Biopsy 
diagnosis: ? generalized Hodgkin’s disease. Final diagnosis: aleukemic 
reticulosis (Table 2). 

Table 2.— (Case C. M.) 


Clinical Findings. 

History: male, aged 39. Weakness, 5 
months. Fever, relapsing in type, 3 
months. ’ Pallor, loss of weight, 2 
months. 

% 

Examination: pallor; Spleen just felt; 
One supraclavicular lymph node felt. 

Laboratory findings: All negative. 


1 Blood Findings. 

I Hemoglobin, 55 to' 30%. 

1 R.B.C., 2.83 to l.SO. 

W.B.C., 3500 to 1100. 

Platelets, 123,000. 

Reticulocytes, 1.4%. 

Red blood cells: achromia 0; anisocyto- 
sis + + 1 poildlocytosis + + : poly- 
chromatophilia +. 

P., 72.5% (8.5 ‘‘band forms”); L., 0.5%; 
M., 16% (histiocytes, 1); E., 1.5%. 


Clinical Diagnosis. 

" Destructive” process of bone marro-w; ? lymphosarcoma; ? Hodgkin’s disease. 
(Previous diagnoses: typhoid fever, malaria, agranulocytosis, etc.) 


Bone-marrow Biopsy. 

Dense tissue replacing almost entirely the 
normal elements; hyperplasia of reticu- 
lum cells; giant-cell formation. 

Diagnosis: ? Hodgkin’s disease involving 
bone marrow. 


Post mortem Exa minalion. 

Proliferation of roticulo-endothelial cells 
throughout entire body; liver, spleen, 
lymph nodes, bone marrow, omentum, 
etc. 


Final Diagnosis. 

Aleukemic reticulosis (generalized Hodgkin’s disease?) . 


• 

6. Mitchell G. B.I.H. 3491. Pre-biopsy diagnosis: ? Banti's disease; 
chronic hypoplastic anemia ? type. First biopsy diagnosis: hyiioplastic 
bone marrow. Second biopsy diagnosis: Ijunphosarcoma tvith invasion of 
bone marrow (Table 3). 

7. Martin P. Boston Disp. 138552. Pre-biopsy diagnosis: pernicious 
anemia. Biopsy diagnosis: ? chronic lymphatic leukemia (aleukemic); 
? ljunphosarcoma with metastasis to bone marrow. 

A man, aged 53, complained of vague pains in the joints, slight weight 
loss and spontaneously appearing ecchjunoses, all of about 0 months' 
duration. Examination showed nothing but moderate pallor. There was 
im icterus; the tongue was normal; neither the spleen, Ijunph nodes nor 
liver were palpable. Blood: hemoglobin, 62%; R.B.C., 3,140,000; W.B.C., 
4650; platelets, 161,000. Differential count of the white cells; neutrophils, 
12%; ljunphocytes, 88% (several very large Ijnnphocjdes; no Rmiphoblasts; 
monocjdes, 0. The red cells showed no achromia and many macrocytes; 
average red blood cell diameter, 7.9 niicra. Ollier laboratory data: gastric 
anatysis showed 12 units of free hydrochloric acid after injection of histamin. 

* This case has boon fully doscribod in a previous paper.-'’' 
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Icterus index, 6. Interprelation: blood picture shows macrocytic anemia, 
probably pernicious anemia; vep^ liigh percentage of lymphocytes unusual; 
presence of free hydrochloric acid in gastric juice makes diagnosis doubtful. 
Bone-marrow biopsy: Smears: ratio nucleated red blood cells to white 
blood cells, 0.02 to 1. Differential count of white blood cells: lympho- 
cytes, 99.2%; granulocytes, 0.8%. Sections: fibrous marrow in parts; 
packing with lymphoblasts and lymphocytes in other portions; several 
mitoses. Hare normal marrow cell present. Diagnosis: ? lymphatic 
leukemia or lymphosarcoma metastasizing into marrow. Course: No 
improvement vuth parenteral hver therapy or large doses of iron. The 
patient escaped from observation. 

t 

Table 3. — (Case M. G.) 


Clinical Findings. 

History: male, aged 13. November, 
1928, recurring fever, weakness, swel- 
ling of joints. March, 1929, spleno- 
megaly noted. 

Examination: Intermittent fever; pallor; 
moderate splenomegaly. 


• I Blood Findings. 

August',. 1929: 

Hemoglobin, 58%. 

R.B.C.j'3.31. 

W.B.C:, 2000. 

Re^fllocytes, 0.6%. 

Playlets, 60,000. 

Red blood cells; achromia -f; aniso- 
cytosis -f+; poikilocytosis -f-f. 
Differential: P., 61%; L., 37%; M., 
2 %. 


Clinical Diagnosis. 

Subacute bacterial endocarditis; Banti’s disease; splenic anemia; ? Hodgkin’s 
disease. 


Bone-marrow Biopsy. 

Bone-marrow biopsy 1: smears showed no 
marrow cells. Sections showed replace- 
ment of normal marrow tissue by loose 
fibrous tissue (Fig. 4, X 985). 

Diagnosis: fibrosis of marrow. 

Bone-marrow biopsy 2 (after splenec- 
tomy) : smears showed very few mar- 
row cells. Almost all cells large, with 
very large nuclei. Oxidase stain nega- 
tive. Apparent transitions to lympho- 
cytes. Sections showed replacement of 
marrow by fibrous tissue in midst of 
which were present large primitive 
cells. 

Diagnosis: Fibrosis of marrow secondary 
to metastasizing lymphosarcoma. 


Splenectomy. 

Spleen {Fig. 5, X 700) : complete replace- 
ment of splenic architecture by rapidly 
proliferating primitive cells; lympho- 
blasts. 

Diagnosis: primary lymphosarcoma of 
spleen. 

Autopsy not obtained. 


I 


Final Diagnosis. 

Primarj' lymphosarcoma of spleen, metastasis to bone marrow, “myelophthisic” 
anemia. 


8. S.ARAH F. Boston Disp. 276903. Pre-biopsy diagnosis: chronic 
aleukemic myelosis. Biopsy diagnosis: hjiroplastic bone marrotv. Final 
diagnosis: hypernephroma of left kidney with metastases. 
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A -woman, aged 53, complained of weakness. Examination disclosed 
slight pallor, a large mass in the left upper quadrant of the abdomen 
diagnosed as spleen,- and a liver edge palpable 3 fingers' breadth belo-w the 
right costal margin. Blood: hemoglobin, 58%; R.B.C., 3,200,000; W.B.C., 
5800. Red blood cells; slight achromia, slight anisocytosis and poikilo- 
cytosis. Wliite blood cells: N., 82% (8 metamyelocytes); L., 12%; M., 
6%. Interpretation: large spleen, slight anemia, probably chronic myelo- 
genous leukemia (aleukemic). Bone-marrow biopsy: Smears: R.B.C. to 
W.B.C., 1.1 to 1. Leukocytes: mature N., 2.5%; metamyelocytes, 
44%; myelocytes, 36%; myeloblasts, 9%; eosinophils, 3.5%. Sections: a 
hypoplastic marro-w. Later studies: Intravenous urography shoived large 
mass in abdomen to be kidney — confirmed by retrograde pyelography. Chest 
plates sho-wed metastatic mediastinal shado-vs's. Liver became larger and 
the patient (fied, January 30, 1932. 

9. George A. B.I.H. 17396. Pre-biopsy diagnosis: ? aleukemic reticu- 
losis (generalized Hodgkin’s disease); ? aleukemic myelosis. Biopsy diag- 
nosis: myelosis. Final {postmortem) diagnosis: generalized Hodgkin’s 
disease (aleukemic reticulosis or aleukemic monocytic leukemia). 

A man, aged 29, complained of anorexia, weakness and loss of weight of 
10 months’ duration and of bouts of fever and severe nightsweats of 3 
months’ standing. Examination revealed a temperature of 104° F., ex- 
treme pallor, generalized slight Ijmphadenopathy and a just palpable 
spleen. Blood: hemoglobin, 58%; R.B.C., 3,300,000; W.B.C., 4200; 
platelets, 170,000; N., 66% (24% metamyelocytes); L., 5%; M., 21% (13% 
histiocytes); unclassified cells, 7%. Interpretation: “destructive” process 
of bone marrow, possibly aleukemic reticulosis (13% histiocytes). Bone 
marrow biopsy: Smears: ratio of R.B.C. to W.B.C., 0.2 to 1. Differential 
count of the W.B.C. : mature N., 3.3%; metamyeloc3rtes,4 1.1%; myelo- 
cytes, 32.1%; myeloblasts, 20.1%; eosinophils, 1.8%; histiocytes, 1.5%. 
Sections showed marked cellular proliferation, predominating cell being 
the myeloblast. Course: Temperature came to normal a few days after 
admission. The patient was given a course of Roentgen ray therapy 
over the legs and scapulse and there was improvement for about 2 months. 
He returned to the ward in relapse, again -with fever. The liver and spleen 
were larger, the red blood cells and white blood cells lower. Shortly there- 
after, he was admitted to another hospital, where again the diagnosis of 
myelogenous leukemia was made after bone-marrow biopsy. Postmortem 
study, however, showed generalized Hodgldn’s disease (aleukemic reticu- 
losis). 

10. Florence L.* Seen with Dr. E. T. Fisher, Hahnemann Hospital, 
Worcester, Mass. Pre-biopsy diagnosis: ? agranulocytosis; ? acute aleu- 
kemic myelogenous leukemia; ? lymphosarcoma of uterus mth metastasis 
to bone marrow. Biopsy diagnosis: acute myelosis. Final diagnosis: 
myelosarcoma (chloroma); terminal aleukemic mimlosis (Table 4). 

11. Gladys M. Seen -ndth Dr. C. Lawson at Rhode Island Hospital, 
Providence. Pre-biopsy diagnosis: ? agranulocytosis; ? aleukemic leuke- 
mia. Biopsy diagnosis: acute aleukemic myelosis. 

A single girl, aged 21, became exhausted in May, 1932, and increasingly 
weak during July and August, 1932. A tooth was extracted on August 5. 
The face became markedly swollen, and there was almost constant bleeding 
from the tooth socket for 3 days. Weakness and pallor became rapidly 
worse, and on August 12 the patient was admitted to the hospital. Exam- 
ination disclosed extreme pallor which was of a sallow-yellow tint. Several 
petechial spots were present on the buccal mucous membranes and the 
hard palate. The spleen was felt 2 fingers’ breadth below the left costal 
margin, although the liver was not enlarged. The blood: hemoglobin, 

* This case v,-iU be more fully reported at a later date. 
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26 to 33%; R.B.C., 1,300,000 to 1,800,000; W.BIC., 3400 to 2800. differ- 
ential count ; granulocytes, 73 % (mature neutrophils, 2 % ; metamyelocytes, 
5%; myelocytes, 2%; pre-myelocytes, 8%; mjTloblasts, 57%); lympho- 
cytes, 23%; monocytes, 2%; histiocytes, 2%. The red blood cells showed 
slight achromia and moderate change in size and shape. The blood plate- 
lets were A^ery much diminished, AAuth several bizarre forms. I nierpr elation: 
bone-marrow destruction, probably myeioblastic in origin. The hone- 
viarrow biopsy (August 15, 1932) disclosed a ratio of W.B.C. to R.B.C. of 
1 to 0.7. Differential count of the W.B.C. : mature neutrophils, 1%; 
metam 3 '^elocjdes, 8.5%; mj'elocytes, 12%; myeloblasts and pre-myelocytes, 
77 %; histiocytes, 1.5%. Oxidase stain of the myeloblasts positive. Diag- 
nosis: acute aleukemic myelosis. Course: The patient rapidly grew worse 
and died on August 24, 1932. 


Table 4. — (Case E. L.) 


Clinical Findings. 

History: female, aged 33. Hysterectomy 
(for menorrhagia) , May 2, 1932. Large 
tumor adherent to uterus and left 
ovary, encroaching on left ureter. 
Diagnosis; ? sarcoma. July 15, 1932; 
“black and blue spots” of skin. Aug- 
ust, 1932; bleeding from gums, pallor. 

Examination: pallor. Gums swollen, 
spongy, bleeding. Few petechias and 
ecchymosos. 


Blood Findings. 

May 1, 1932; 

Hemoglobin, 75%. 

E,.B.C., 3.86. 

AV.B.C., 8400. 

P., 70; L., 28; E., 2. 
August-September, 1932; 

Hemoglobin, 50%. 

R.B.C., 2.50. 

W.B.C., 6000 to 10,000. 

Platelets; rare. 

Red blood cells; achromia -t-; anisocy- 
tosis -f; poikilooytosis -b; polyohro- 
matophilia -b. 

Differential count (author): mature N., 
23%; metamyelocytes, 2%; myelo- 
cytes, 2% ; myeloblasts, 48% ; lympho- 
cytes, 23%; monocytes, 2%. 


Clinical Diagnoses. 

Original; ? Vincent’s angina; ? purpura hemorrhagica; ? agranulocytosis. 
Author's: aleukemic myelosis. 


Bone-marrow Biopsy. 

Smear: ratio of W.B.C. to nucleated 
R.B.C., 1 to 0.04. 

Differential count: mature N., 0; meta- 
myelocytes, 3.7%; myelocytes, 0.3%; 
myeloblasts, 86%; histiocytes, 10%. 
Most of the myeloblasts were oxidase 
positive. 

Fig. 6 . — Photomicrograph of section of 
sternal bone marrow. ( X 985.) Stuf- 
fing of marrow cavity Avith proliferating 
myeloblasts (ilfi/b). Rare erythroblas- 
tic cell or megakaryocyte. 

Diagnosis: acute myelosis. 


Uterine Tumor. 

Re-study showed growing invasive neo- 
plasm of primitive cells with nucleoli 
and oxidase and dopa positive. 

Fig, 7 . — Photomicrograph of section of 
tumor of uterus removed at operation. 
(X 985.) Dopa stain. Note the neo- 
plastic process composed of embryonic 
cells (myeloblasts) , many of them show- 
ing a positive "dopa” reaction. 

Postmortem examination: greenish tumors 
of gall bladder and about the left ureter; 
numerous enlarged lymph nodes; bone 
marrow involved throughout. - Tumors, 
brniph nodes, bone marrow all stuffed 
with rapidly proliferating myeloblasts, 
almost all oxidase positive. 


Final Diagnosis. 

Myelosarcoma (chloroma); metastasos (aleukemic myelosis). 
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12. Sylvia W. B.I.H. 23483. Pre-biopsy diagnosis: _ ? Baiiti's dis- 
ease; ? chronic myelosis. Biopsy diagnosis: ? myelosis. Final diag- 
nosis: ? Banti's disease. A girl, aged 19, entered the hospital on March 17, 
1932, complaining of easy bruising for several years, and of two severe 
hematemeses occurring in June, 1931, and January, 1932. Examina- 
tion disclosed moderate pallor and a very large spleen extending upward 
to the axilla and downward to the pelvic brim. The blood: hemo- 
globin, 62%; B.B.C., 3,700,000; W,B.C., 2500; platelets, 170,000. Differ- 
ential count; neutrophils, 79% (19% band forms); L., 15%; M., 6%. 
Quantitative bilirubin, 0.94 mg. per 100 cc. Roentgen rays of bones 
negative. B.M.R. normal. Interpretation: splenomegaly plus evidence 
of bone-marrow "destruction;” ? aleukemic myelosis; ? Hodgkin’s disease; 
? Banti’s disease (hematemeses). Bone-marrow biopsy: hyperplastic mar- 
row uith abnormal islands of immature leukopoietic cells containing myelo- 
blasts and histiocytes. Differential count of the W.B.C.: mature neutro- 
phils, 3.3%; metamyelocytes, 34.3%; myelocytes, IS.7%; myeloblasts, 

Table 5. — (Case M. Z.) 


Clinical Findings. 

History: male, aged 2. Spontaneous 
eochymoses 6 months. Increasing pal- 
lor 6 months. Swelling of gums 4 mos. 

Examination: marked pallor. Ecchymo- 
tic spots. Generalized lymphadeno- 
pathy. Spleen palpable 2 fingers. 
Liver just palpable. 


Blood Findings. 

Hemoglobin, 56%. 

R.B.C., 3.07. 

W.B.C., 5300. 

Platelets, 24,000. 

Bleeding time, 15 minutes. 

Reticulocytes, 7.4%. 

Red blood cells; achromia, 0; anisocyto- 
sis — ; polychromatophilia — ; average 
diameter, 6.95 micra. 

Differential count; N., 1%; L., 59%; M., 
39%; B., 1% (2% ? lymphoblasts). 


Obscure anemia. 


Clinical Diagnosis. 


Bonc-marroio Biopsy. 

Smears: ratio of nucleated R.B.C. to 
W.B.C., 0.4 to 1. 

Granulocytic cells, 47.8%. 
Lymphoblasts, 43.2% (5 mitotic fig- 
ures). 

Sections: infiltration of lymphoblasts 

and lymphocytes throughout marrow 
cavity. 

Fjg. S. — Photomicrograph of section of 
bone marrow. (X 985.) Note the 
largo number of lymphoblasts (Lj/b) 
and lymphocytes (Ly) infiltrating the 
marrow tissue. 

Diagnosis: ? lymphatic leukemia; ? lym- 
phosarcomatosis. 


Further Findings. 

Lymph-node biopsy: proliferation of lym- 
phoblasts destroying normal architec- 
ture of lymph node and invading the 
capsule. 

Postmortem: generalized lymph-node en- 
largement. Most nodes showed “to.x- 
ic" necrosis of germinal centers. One 
node showed stuffing with lympho- 
blasts. 


Final Diagnosis. 

Subacute aleukemic lymphadenosis. 
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17-5%; histiocj'tes, 12.3%. Diagnosis: ? aleukemic myelosis; ? Hodgkin’s 
disease. Course: Marked regression in the size of the spleen occurred after 
4 Roentgen raj’- treatments- directed over that organ, the, spleen at one time 
retreating under the left costal margin. The patient has since remained 
well, although she continues to present slight splenomegaly, slight anemia 
and leukopenia. The diagnosis still remains in doubt. 

13. Morris Z. B.I.H. 8654 and 9446. Pre-biopsy diagnosis: obscure 
anemia; ? bone-marrow invasion. Biopsy diagnosis: lymphoid prolifera- 
tion in bone marrow; ? lymphosarcoma; ? lymphatic leukemia. Fmal 
diagnosis: ? lymphosareomatosis; ? l 3 'mphatic leukemia (Table 5). 

14. Ellen O’C. B.I.H. 22702. Pre-biopsy diagnosis: pernicious ane- 
mia; ? macrocytic anemia of other t 3 ’pe. Biopsy diagnosis: hypoplasia 
of bone marrow, ? arteriosclerotic or senile. Final diagnosis: hypoplastic 
anemia, probabty arteriosclerotic (Table 6). 

Table 6. — (Case Ellen O'C.) 


Clinical Findings. 

Blood Findings. 

History: female, aged 66. Weakness 1 
j'ear, increasing recentlj'-; loss of 10 i 
pounds in -weight; increasing pallor. j 

Examination: “pepper-and-salt” hair; 

tongue smooth at the edges; finger nails 
flattened. (No other positive findings.) 
Gastric analysis: no free hydrochloric j 
acid after injection of histamin. 

Icterus index, 6. Bilirubin, 0.61 mg. per 
100 oc. 

Hemoglobin, 68%. 

R.B.C., 2.78. 

W.B.C., 7800. 

Platelets, 354,000. 

1 Mean corpuscular volume, 123. 

Bed blood cells: no achromia, macrooy- 
tosis. Av. diameter, 7.9 micra. 
Differential count; N., 26.5% ; L., 62.5% ; 
M.. 2%;E., 8%:B.. 1%. 

Clinical Diagnosis. 

Pernicious anemia. 

Bone-marrow Biopsy. 

Course, 

Sections: generalized increase in fat cells: 
no megaloblasts seen; sclerosis of mar- 
ro-w vessels. 

Fig. 9. — Photomicrograph of section of 
bone marro-w. ( X 870.) Note the 
marked increase in number of fat cells 
(sternal marrow). At the right is seen 
an arteriole, showing e-iddences of 
sclerosis. 

Large daily doses of parenteral liver 
extract -ndthout reticulocyte or red 
blood cell response. No response to 
large doses of iron. Patient has re- 
mained in about the same condition 
(S months). 

Diagnosis: 

HjTJoplasia of marrow, probably arteriosclerotic. 


15. Ruth R. Seen vith Drs. L. Blacklow and E. W. Small at Waltham 
Hospital. Pre-biopsy diagnosis: ? pernicious anemia; ? l 3 mphpsarcomato- 
sis; ? aleukemic leukosis. Biopsy diagnosis: subacute (aleukemic) m 3 'elosis.' 
Filial diagnosis: subacute m 3 "elosis (Table 7). 

16. Eva S. Seen with Dr. R. F. Bicknell at the Lynn Hospital. Pre- 
biopsy diagnosis: aplastic anemia. Biopsy diagnosis: Bmphosarcoma 
invading bone marrow. Final diagnosis: Rmphosarcoma vith raetastases 
causing ''my'elophthisic anemia” (Table 8). 
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Table 7. — (Case R. R.) 


Clinical Findings. 

f 

History: female, aged 40. Weakness 18 
months, increasing. Sore tongue 6 
■weeks. Paresthesias 6 -weeks. Loss of 
•weight. 

Examination: Extreme pallor. (Tongue 
normal; spleen not felt; lymph nodes 
not felt; -wbratory sensation normal.) 

Gastric analysis: no free hydrochloric 
acid (histamin not given) . 

Icterus index, 6. 


Blood Findings. 

Hemoglobin, 36 to 16%. 

R.B.C., 1.90 to 750,000. 

W.B.C., 4000 to 2200. 

Platelets, 150,000. 

Mean corpuscular volume, 115. 

Red blood cells; achromia absent; many 
macrocytes; average' diameter, 7.88 
micra. 

Differential count; N., 36.5%; L., 39%; 
M., 25%. (No abnormal -white cells 
seen.) 


Clinical Diagnosis. 

? Pernicious anemia. 

? Lymphosarcoma -with involvement of the bone marro-w. 
? Aleukemic leukosis. 


Bone-marrow Biopsy. 

Smear: ratio of W.B.C. to nucleated 
R.B.C., 1 to 0.1. 

Differential count; mature N., 0.4%; 
metamyelocytes, 1.2%; myelocytes, 
3.2%; pre-myelocytes, 7.6%; myelo- 
blasts, 69%; histiocytes, 17.6%; 
eosinophils, 1.6%. 

Section; extremely cellular marro-w, nor- 
mal tissue replaced by proliferating 
leukopoietic cells, oxidase positive. 

Fig. 10 . — Photomicrograph of section of 
bone marro-w. (X 985.) Note the 
cro-wding of the marro-w -with granulo- 
cytic cells, myeloblasts (.Mbl.) and 
myelocytes {Mye ) , myelocytes predom- 
inating. 

Diagnosis: subacute myelosis (aleukemic 
myelogenous leukemia). 


Postmortem Examination. 

Myeloblastic proliferation, patchy in type 
■with overcro-wding of normal marrow 
tissue. 


Final Diagnosis. 

Subacute aleukemic myelosis. 


17. Nello L. Seen tvith Dr. Smith at the Quincy Municipal Hospital. 
Pre-hiopstj diagnosis: ? aplastic anemia; ? lyniphosarcomatosis; ? aleukemic 
leukosis. Biopsy diagnosis: aplastic anemia. Final diagnosis: aplastic 
anemia. 

unemployed boy, aged 17, was well until onset of severe epistaxe.s, 
beginning in Januarj^ 1934. He became progressively paler. At no time 
had he come in close contact vuth chemicals. Exannnaiion in March, 1934, 
showed, besides the pallor, a few ecchjnnotic spots on the legs and arms! 
There was no Ijnnph-node or splenic enlargement and no icterus. Blood 
studies: hemoglobin, 3,5 to 25%; R.B.C., 1,190,000 to 1,060,000; W.B.C., 
2000 to 1000; platelets, 100,000; reticulocytes, 1%; differential count of 
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and a few slightly enlarged lymph nodes. Blood studies: hemoglobin, 
77 %• R.B.C., 4,700,000; W.B.C., 3100; platelets, 175,000. Differential 
count; neutrophils, 50% (“band'’ forms, 6; myelocytes, 2); lymphocytes, 
46%; monocytes, 2%; eosinophils, 2%; bleeding time, 3 minutes; clottmg 
time, 5 minutes. All other clinical and laboratory examinations were 
negative. Diagnosis: splenomegaly ? cause. ' History of ecchymoses and 
low platelet count suggestive of thrombocytopenic purpura. Spleen too 
large and white blood cell count too low for this condition. Banti's disease 
and aleukemic myelosis most likely. Bone-marrow biopsy: hyperplastic 
marrow with marked increase in activity of leukopoietic tissue; islands of 
myeloblasts. Diagnosis: chronic myelosis. The patient is being followed. 


Discussion. 1. The “Blood” Diseases in Reality Diseases of the 
Blood-forming Organs. Until very recently, abnormalities in the 
red blood cells, white blood cells and blood platelets were uniformly 
spoken of as “diseases of the blood,” “disorders of the blood,” the 
“blood” diseases and the “blood dyscrasias.” Emphasis was thus 
placed upon the changes which were found in the numerical and 
morphologic characteristics of the cells in the peripheral blood. 
Hematology was thus for many years a “peripheral” study, in 
which little note was taken of the fundamental changes in the , 
various blood-forming organs.* Curiously enough, it was the study 
of the blood picture in various infectious diseases, chiefly by Arneth 
and Schilling, which brought home the fact to many that an increase 
in immature granulocytes (“shift to the left”) was dependent upon 
“regenerative” activity of the bone marrow, with resultant changes 
in the peripheral blood. Study of the pathologic changes occurring 
in pernicious anemia had shown that the bone marrow was probably 
implicated. 

It was furthermore becoming rapidly apparent that the blood 
picture might not be the final word in many diverse conditions, and 
that in certain instances it might even be misleading. The ex- 
tremely variable blood picture in apparently identical cases of 
leukosis, the identical blood picture of many widely different 
disorders (hypoplastic anemia, pernicious anemia, certain cases of 
Hodgkin’s disease, lymphosarcoma, etcv) served to bring this out 
forcibly. The “release” factor appeared to be as important in the 
production of the blood picture as did the actual formation and 
destruction of the blood cells, as could be seen from the study of 
the bone marrow in agranulocytosis, pernicious anemia and primary 
hypochromic anemia. The term “Ijlood diseases” has thus gradu- 
ally become modified to that of “diseases of the blood-forming 
organs. Plus should make profitable careful study of the various 
sites of blood formation in everv^ instance in which the peripheral 
blood cells show marked disturbance either numerically or morpho- 
logically. In most instances, study of the marrow alone should 
provide the necessarjf information, although in certain cases biopsy 

* It is related of Turok, a famous hematologist of 1SS0-1S90, that n-hon questioned 
concerning the patholopu* of a certain "blood” disease, ho vras ofTendod, drew himself 
up. nnd said, * Sir, I am a peripheral hematologist." 
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of an accessible lyrapli node is even of greater importance. Corre- 
lation of the marrow picture with that of the periplieral blood sliould 
result in a better understanding of the physiologic pathology of Ihe 
various hematologic disorders, so much so that after a certain num- 
ber of these conditions have been studied, the blood picture alone 
will usually, by analogy, reveal the state of the marrow. With the 
gradual development of this fundamental knowledge, the science of 
hematology should certainly become more “central” than “periph- 
eral” in nature. 

2. The Diagnostic Value of the Bone-marrow Biopsy. The bone- 
marrow biopsj’', in the above-reported series of cases, has proved 
of greatest value in the diagnosis of obscure cases of anemia. Many 
cases presenting anemia as an outstanding symptom fail to present 
sufficient findings either clinicallj' or hematologically, to warrant 
an exact diagnosis. This is particularlj’- true in the cases of aleu- 
kemic leukosis, of which a number have been presented above. 
The majority of eases of “ leukemia” (leukosis) have, in the author’s 
experience, been associated' with a normal or low white cell count, 
and not with a high white cell count, as is the ordinary teaching. 
Many of these cases have been misdiagnosed clinically and heraato- 
logically. Thus, if a large spleen is present, Banti’s disease, or 
splenic anemia, is usually diagnosed ; if the anemia is of the macro- 
cytic type, pernicious anemia is the diagnosis; if petechiaj and 
ecchymoses are present, purpura hemorrhagica is considered; and 
if there is a marked leukopenia with but few adult neutrophils, 
the diagnosis of agranulocytosis is almost always made. 

It should be remembered that the leukotic process is composed of 
primitive, rapidly growing cells which tend to invade normal blood- 
forming tissue and thus prevent normal blood formation. In the 
bone marrow, this process (whether myeloid, lymphoid or mono- 
cytic) results in impaired formation of red cells, white cells and 
platelets. This results hematologically in anemia, leukopenia and 
thrombocytopenia. This triad should always, therefore, suggest 
bone-marrow “destruction.” Usually due to a leul^emic prolifera- 
tion, it may be due to invasion by lymphosarcoma, myelosarcoma 
(chloroma) or other metastatic malignancy. Careful studj" of the 
peripheral blood will usually show, in the leulrotic cases, either 
myeloblasts, lymphoblasts or histiocytes; certain cases, however, 
do not show these changes. In any event, it is in these obscure 
cases of anemia associated with leulvopenia and thrombocytopenia 
that the bone-marrow biopsy has been most helpful in the formation 
of an exact diagnosis, and has demonstrated that even with an 
extremeh' cellular marrow, the peripheral blood itself may be almost 
devoid of cells. The definite diagnosis of leukosis (myelosis, lymph- 
adenosis, reticulosis) has been of great value in ruling out Banti’s 
disease, splenic anemia, pernicious anemia in certain instances, 
agranulocytosis, purpura hemorrhagica and aplastic anemia. It is 
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probable tliat many cases of “agranulocytosis” wbicb have failed 
to benefit by therapj'^ with nucleic acid derivatives are in reality 
instances of aleukemic leukosis. The same is probably true of 
certain cases called “purpura luemorrhagica.” Those cases of 
“pernicious anemia” which fail to respond to active therapy with 
the various potent extracts of liver usually turn out to be instances 
of leulcosis. The diagnosis of “aplastic anemia” and “hypoplastic 
anemia” should for the same reason be suspected. 

3. Value of the Bone-marrow Biopsy m Further Studies. As noted 
above, it is necessary to understand blood pictures from the stand- 
point of their fundamental phj'siologic background. The bone- 
marrow biopsy thus becomes a tool in the further study of cases of 
anemia. The use of the biopsy in the study of pernicious anemia, 
both before, during and after treatment, has been commented 
upon. It has been of help in understanding the mechanism of the 
action of liver extract, etc., upon, the hyperplastic, megaloblastic 
marrow of the disease. With liver extract, there is gradual diminu- 
tion in the apparently futile hjTierplastic formation of embryonic 
cells and increase in the normal erythronormoblastic tj^ie of blood 
cell formation. The biopsy has already proved useful in the study 
of primary hypochromic anemia'-”® and of great interest in the 
study of Hodgkin’s disease. Studies of the marrow in agranulo- 
cytosis have shovn that in certain instances there is marked hypo- 
plasia of myeloblastic tissue and that in other instances, the reverse 
is true. From these findings, Beck^'' has recently speculated that 
certain cases of agranulocytosis are dependent upon FitzHugh and 
ICrumbhaar’s^® lack of a “maturation” factor and others upon the 
absence of a chemotactic factor. The chief mlue of tlie marrow 
biopsy must remain, however, in its capacity as an aid in the diag- 
nosis of obscure hematologic conditions.’ It should be pointed out 
that it is of great advantage that the hematologist be, as far as 
possible, his own clinician, clinical pathologist and pathologist. In 
these studies, the author studied each case clinically, made the blood 
studies, performed tlie bone-marrow biopsy, and then studied the 
marrow smears and sections. 

Summary. The blood picture is the end result of many com- 
plex factors which have to do with the growth, destruction and 
liberation of the blood cells from the various hematopoietic organs. 
Althougli the peripheral blood usually reflects more or less accurately 
the condition of the blood-forming organs, it is certain that greatly 
diverse blood pictures may be present in identical pathologic pro- 
cesses. Conversely, identical blood pictures may be associated 
with fundamentally different disorders. It becomes important, 
therefore, to study what is “behind” the blood picture, i. e., in 
the hematopoietic organs. The bone marrow, as the chief blood- 
forming organ, must deserve greatest consideration, since most of 

VOX*. 100, NO. r>. — NovnxiiiKii, 1935 23 
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the so-called “blood diseases” either originate there or are asso- 
ciated with various abnormalities of growth within its confines. 

Biopsy of the sternal bone marrow with a small trephine was 
performed in about 125 cases of diseases of the blood-forming organs. 
The criteria for cellular diagnosis, together with the findings in the 
miscellaneous group of diseases, are briefly discussed, and the 
diagnostic implications considered. 

Many cases presenting obscure anemia are not susceptible of 
ready diagnosis, even after prolonged clinical and laboratory investi- 
gations have been made. The marrow biopsy has proved of greatest 
value in the diagnosis of these difficult cases. Particularly has it 
demonstrated that many cases of so-called Banti’s disease, splenic 
anemia, agranulocytosis, aplastic anemia and pernicious anemia are 
in reality, instances of aleukemic leukosis. Anemia, leukopenia 
and thrombocytopenia are a triad of laboratory findings which point 
to a “destructive” (“mj-elophthisic”) process in the marrow which 
is usually “leukemic” in type. Cases illustrating the diagnostic 
value of the bone-marrow biopsy are briefly described. • 

Although its chief function is diagnostic, the biopsy has proven 
of great value as well in appreciation of the “central” character of 
the blood picture. This has helped greatly in the understanding 
of the formation of blood pictures in various pathologic conditions. 
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SYSTEMATIC VARIATION IN THE HUMAN MENSTRUAL 

INTERVAL* 

By Oscab W. Richabus, Ph.D;, 

NEW HAVEN, CONN. 

(From the Osborn Zoological Laboratory, Y’ale University.) 

The interval between the menstrual periods is not of constant 
length for many women and recent studies show that the 28-day 
lunar cycle tj^ie is found less frequently as more accurate informa- 
tion becomes available. Pratt et al. (1929) emphasize the variability 
of the menstrual interval and Geist (1930) and King (1926) show 
objectively the variation that may be found when an accurate 
record is kept of the periods of women who had previously reported 
themselves to be regular. Memory for time is poor and suitable 
data for statistical analysis require the making of a continuous 
vT-itten record. Any analysis of the data accumulated in most 
clinics would give inaccurate results for this reason. Papanicolaou 
(1933) has reviewed much of the literature in this field and the 
variability of menstruation as this function starts is shown by the 
study of Engle and Schelesnyak (1934). 

The clinician and the endocrinologist may wish to know how 
much variation may be expected in the menstrual intervals of, the 
indiAndual as well as the variation between different women. The 
statistically inclined person will vnsh to know in addition how sig- 
nificant any variation found is, or, whether the variations found 
are those of chance fluctuation. Few of the published papers con- 
tain adequate data for the answer of these questions because the 
observations on different women are averaged together, or are too 
few to permit the computation of the extent of the variation. 

An analysis of the variation in the menstrual interval must be 
made on a long record of the same indi^^duaI. Two such records 
are available for a little more than 9 and 12 years respectively. 
One indi^ddual kept marked yearly calendars (I) and the other a 
fairl,y complete diary (II ). The records are nearly complete and 
believed to be accurate. In addition to these long records the length 
of the interval, its variation, the age of the subject and length of the 
record is given in Table 1 for 2 unreported subjects and for 9 of 
the subjects from King (1926).i Subject II is a secretary. III a 
graduate student and the acfnities of Subjects I and are given 
in Table 4. 

The mean length of the interval is shown in Table 1 to vary 

♦ Interval, as here used, is the number of days from the first day of one menstrual 
I>cnod to the first day of the next period, 

^ Part of the computations were made by Ivliss Francis Kuchlcr as a problem in 
the author's course on the Analysis of Biological Data, 
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from 24.8 to 34.3 days for these 13 women. The frequency of the 
intervals for the two longer records are given in Table 2. The 
variation of the periods for a given subject is measured by the 
standard deviation (o-) of the periods.^ Table 1 shows this variation 
to vary from 1 to 4.8 days for these women. Another convenient 
index of the variation found in a single record is the coefficient of 
variation (c.«.) which expresses the standard deviation as a per- 
centage of the mean. Subject J has the greatest variation of 14% 
and H the least variation of 4%. A x^ariation from the mean time 
of 67% of the standard (0.67a-) would be expected in about one of 
every two periods, a variation from the mean equal to the number 
of days in the standard de\aation would be expected to occur in 
about one of every three periods and a deviation from the mean of 
twice the number of days of the standard deviation would be ex- 
pected only about 5 times in 100 periods. Such a variation of 2a, 
or a greater variation, would usually’ be taken to show some disturb- 
ance beyond that usuallj'^ occurring in the menstrual rhythm. For 
most of the persons reported in Table 1 a variation of 2 days would 
be expected about once in every 3 periods and would not be statistic- 
ally unusual. However for Subjects II and J a variation of 5 days 
from the mean period would not be unusual and a deviation of 10 
days would be the least that would be statistically significant. The - 
former enjoys normal health and activity. Similar measurement 
from many different women would be necessary to establish norms 
for clinical use and these figures are given only to show the variation 
actually measured in 13 women living in average or superior eco- 
nomic status. 


Table 1. — General Information, Mean and Variation op Menstrual 

Intervals. 



a 


m 

D 


1 

B. 

c. 

D. 


B 

G. 

n. 

i 

Age* . 






29 

21 

23 


35 

27 

33 

B 

No. of years . ' 
No. of periods 

12 + 

1 2- 

3- 

9 + 

1 ^ 

7 

8 

5 

1 ^ 

3 

7 

3 i 

1 

■ ■ 

134 

1 oo 

29 

110 

iioi 

94 

63 

48 

47 

29 

25 

22 

21 

Mean in days 

20.0 

32.2 

20.2 

24. S 

28. 4 

25.3 

,26.2 

28.9 

28.7 

25.2 

28.3 

26.8 

34.3 

o- in days . 

2.3 

4.8 

i- 2.5 

1.7 

2.2 

1. 8 

1.7 

1.7 

1.7 

1.5 

2.4 

1.0 

4.8 

C.T. % . . 

1 

9 

1 

11 

i ° 

7 

8 

7 

1 

0 

6 

0 

6 

8 


14 


Tlie computations for subjects A to J based on data from King (192G). 
* At the beginning of tlio record. 


Table 2. — Frequency of Menstrual Intervals for the Two Longer Records. 

Days: 

18. 

20. 

21. 22. 23. 

24. 

25. 

26. 27. 

28. 29. 30. 

31. 

32. 

33. 

35. 

Subject 1 

1 


3 4 8 

16 

18 

39 17 

15 4 5 

1 

1 

1 

1 

Subject IV 


1 

4 a 10 

22 

30 

18 G 

4 2 . . 






t Allien X is any one of N observations the mean, M = 'Sx/N; the standard devia- 
tion, tr = ~ : and the coefficient of variation, c.r. = lOOtr/M. 
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The mean menstrual interval and its observed variation are 
slightly different for different women and we may next inquire 
whether these differences are statistically significant. The greatest 
difference of 9.5 days is found between the average intervals of 
Subjects IV and J. The significance of this variation must be 
evaluated in terms of the variation of both subjects and is obtained 
as the standard error of the differenced which is 1.06 days. The 
ratio of, the deviation to its standard error is 9.5/1.06 or about 9, 
and the normal probability table indicates that there is less than 
one chance in 10^^ of this difference being other than a statistically 
significant one. This is an extreme case of a difference obvious even 
without statistical treatment. A less extreme case would be the 
difference of 0.9 day between subjects B and C which is only 3 
times the standard error of the difference and the probability table 
shows that this difference would be expected only once in about 370 
cases. In general when the difference is twice the standard error 
of the difference, or greater, the difference is statistically significant 
and may be important in the clinic. When many periods are avail- 
able the variation is more completely known and the standard 
errors are less. From the information in Table 1, a difference of a 
day or more between the mean menstrual interval of two women is 
to be regarded as statistically significant and in different women 
the humoral control or timing of the menstrual cycle is probably 
different to at least this extent. 

The frequency of the menstrual intervals for Subjects I and IV is 
given in Table 3. The 18 and 33-day intervals of Subject I were 
caused by mumps and are not included in the following analysis. 
The 32 and 35-day intervals preceded pregnancy and support the 
suggestion of a missed period given by the Hotellings (1932). The 
21-day cycle (Papanicolaou, 1933) hardly occurs in either record. 
The 20 and 27-day intervals in the 10th year of Subject IV were 
associated with a repair operation, the 22-day interval in the 6th 
year occurred while traveling and the 22 and 29-day intervals of the 
2d year occurred during a rest period from excessive fatigue. The 
other large variations had no apparent explanation. The variation 
(<r) of Subjects II, III, G and J is greater than that of Subject I. 
The ultimate explanation of the nature and control of the menstrual 
cycle must account for variation of this magnitude. The knowledge 
of this variation, even from a few cases, may aid the clinician to 
discover the extent of the variation in other cases and to understand 
its origin. 

* Tlio standard error oC the difference betYrecn two means = ^ wbcrc 

Cl and <7; and A t and A^ arc the respective standard deviations and nnmlwrs of 
ol>ser\ ations in the two sets of data. The probabilities obtained from the ratios arc 
to bo found in the several books or tables on statistical method. 
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The diary of Subject IV gives the hour of day of the onset of 
the menses in 9 cases, the average time of which is 9.53 A. m. If 
two occurrences late in the day are omitted the average is 7.56 a.m. 
If the observations of more diarists were available, it might be 
possible to make more precise statistical analyses. 

Tinklepauglii has suggested 'that the weekly rhythm of daily life 
may influence the monthly menstrual cycle and has supported his 
view with observations on change of daily weight and on the fre- 
quent occurrence of the onset of the menses with respect to the 
Sunday rest day of the week. Table 3, presenting the days of onset 
for Subjects I to IV, shows more occurrences near the week end. 


Table 3. — The FBEotrENCY of Onset of Menses by the Day of the Week. 


Subject: 

I- 

11. 

IIIA. 

IIIB. 

IV. 

No. %. 





No. 

%. 

Sunday 

20 15 

5 

23 

4 

20 

6 

21 

16 

15 

Monday 

15 11 

6 

27 

0 

0 

2 

7 

12 

11 

Tuesday 

26 20 

5 

23 

0 

0 

1 

3 

22 

20 

Wednesday .... 

18 13 

1 

4 

0 

0 

2 

7 

9 

S 

Thursday .... 

11 16 

3 

14 

4 

20 

5 

17 

18 

16 

Friday 

19 14 

0 

0 

7 

35 

7 

24 

15 

14 

Saturday 

14 11 

2 

9 

6 

25 

6 

21 

18 

16 



5.01 


9.28 


16.7 

11 

60 

6.96 

P 

0.54 


0.17 


0.01 

0.08 

0.33 


Except for slight difference in the length of leap years and from 
cycles that do not divide into 365 days evenly the proportion of 
onset days of the menses should be the same for each day of the 
week over a considerable period of time unless a systematic variation 
occurred. The Chi-square test^ is appropriate to test whether the 
variation found from equal probability is greater than fortuitous 
variation and whether it supports the hypothesis of Tinklepaugh. 
From the computed value of Chi-square the probability (P) is 
obtained from the table of Fisher and when this probability is less 
than 0.05 the data would be considered to support the hypothesis 
tested. The values found are all greater than 0.05 and do not 
support the hj-pothesis except for IIIA in Table 3. Here the first 
report showed a very unequal distribution with respect- to the day 
of the week. However, the second report added 9 more menstrual 
periods of the following year which filled in many of the vacancies 
of the table, thereby increasing the value of P to above the level of 

1 Based on a personal communication from Dr. 0. L. Tinklepaugh of data to be 
published by him. 

- When C is the observed frequency and E is the expected frequency 

— I . number of degrees of freedom, n = N — 1, and P is 

obtained from the table of x’ found in Fisher (1932), Chapter 10. 
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statistical significance. No change in the life of the subject took 
place to explain the difference in the 2 years and this indicates the 
necessity of haidng data over a considerable period of time in order 
to make meaningful comparisons. Further data will be necessary 
to adequately test the interesting suggestion of Tinklepaugh and 
data gathered on menstrual cycles should include the day of week 
of onset, or the calendar date, so that they may be examined from 
this viewpoint. _ , 

The year by year plot of the record of Subject I failed to show 
secular (long time trend) but did suggest a possible seasonal varia- 
tion. To investigate this all of the data were plotted on a large 
scale graph so that the mean duration of the periods for each year 
was superimposed on the 26-day mean for all of the years. The 
individual deviations were then measured from this common refer- 
ence value. A midvalue was found for the periods falling within 
each 10-day period of the year by adding algebraically all of the 
deviations within this lO-daj'- period and then dividing the sum by 
the number. The averaging was repeated a second time with a' 10- 
day interval beginning at the center of the previous 10-day intervals. 
The values obtained were plotted and gave a fairly smooth curve 
which was then smoothed and adjusted so that the standard devia- 
tions of each separate year from this line were least. This insured 
that the representative curve -indicated the systematic variation 
during the entire record. This method of approximation was quicker 
and nearly as precise as the usual methods for the isolation of sea- 
sonal variation.^ The final result was the smooth heavj’’ line of 
Figures 1 and 2. 

The mentrual intervals of Subjects I were more irregular during 
the first half of the year, tended to be longer by about 2 days during 
the summer months and were a little more than 2 days shorter 
than the average during the late fall of the year. As the seasonal 
curve is an average for all of the years it will not represent any one 
year exactly. Therefore, all of the variation is not to be explained 
in this manner as is illustrated for 8 years of the record in Figure 1. 
The years in which the data are incomplete or interrupted with 
pregnancies are omitted from the figure. 

The variance (tr-) was calculated for each year and the standard 
variation {(x'-) for each year was computed in a similar manner, but 
measuring the delations from the corresponding point of the curve 
of seasonal variation rather than from the mean. The ratio (/z) of 
tliese values (a-'-j<r) for each year measures the agreement of the 
menstrual intervals for that year ivith the seasonal variation. The 
smaller this ratio the better is the agreement and with very good 
• agreement the ratio would be nearly zero. The lack of complete 
agreement indicates the amount of variation due to other causes. 

’ For other methods see Rietz (1924) and Richards and Dawson (1927). 
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Fig. 1. — Systematic variations and observed variation of the menstrual rhythm 
of Subject I. The continuous heavy line (repeated in each graph) is the systematic 
variation and the observed variation, is shown by the other lines numbered to cor- 
respond with the year in Table 4 (see text). 



Fig. 2. — The comparison of the systematic v’ariation of Subject I (continuous lino) 
and that of Subject IV (broken line). 
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The ratios. Table 4, are less than unity for all of the years except 
the second, fourth and eleventh. The second year is out of phase 
with the seasonal trend. The seventh year shows good agreement 
except for the two marked fluctuations due to mumps marked by 
interrogation points on the graph (Fig. 1). The fourth year was 
the most uniform as half of the intervals were the same length as the 
mean and the twelfth year was the most variable especially during 
the summer months. The deviations of the seventh year may be 
due to traveling also those of the eleventh year. Except as marked 
in Table 4 or previously mentioned, the changes in the life of the 
subject do not throw any further light on the observed variation. 

Table 4. — Analysis op the Data fob Separate Yeahs. 


A. SullJECT I. 


Year:* 

SI. 

S2. 

i M3. 

i H'4. 

1 

T6. 

1 

ps'. 

P9. j 

1 * 

Til. ! 

H12. 


Number 

In 8 

13 

14 

14 

12 

12 

7 

5 

15 

14 

14 

j 

Mean 

24.61 

26.1 1 

24.6 

'28.1 

29.0 

25.0 

27.2 

26.5 

26.1 

25.6 

125.7 


cr 


1.71 

1.69 

1.61 

1.43 

3.45 

2.77 

1.851 

1.66 

1.97 

2.39 


tr' . . ! 


1.83 

1.61 

1.81 

1.2 

1.89 

2.08 

1 

1.54 

2.18 

2.35 


Ratio #1 


1.15 

0.91 

1.30 

0.70 

0.30 

0.56 


0.86 

1.25 

0.97 

Av. 0.S9 


13. Subject IV. 


Year:* 

S2. 

S3. 

S4. 

TTe5. 

TTc6. 

Tc7. 

M8. 

HP9. 

HPIO. 


Number 
Mean . 

<r . . . 

a" .. . 

Ilatio It . 

10 

25.4 

2.1 

1.87 

0.35 

11 

24.6 

1.99 

1.73 

0.76 

11 

24.8 

1.19 

1.04 

0.77 

In? 

24.4 

1.64 

1.61 

0.97 

15 

24.7 

1.25 

1.23 

0.97 

15 

24.3 

1.53 

1.39 

0.83 

15 

24.5 

0.87 

0.89 

1.02 

7 

25.4 

1.52 

1.27 

0.67 

6 

24.1 

3.12 

2.07 

0.45 

Av.0.77 


It = o-'J/ffJ or (r"Jycr5. 

a" ~ o' less knovfn'deviations. 

* Activities ciuring'tho year ore keyed as follows: In = incomplete, H = housewife, H' = 
housewife and also working in library, M = married, S = university student, T = traveling. 
To = teaching, V = mumps, P = pregnant. 


The general curve of variation is referred to as seasonal v-ariation 
because that is a convenient descriptive term, but the variation may 
or may not be related to the seasons of the year. The shorter 
periods of the fall cannot be attributed solely to light as has been 
done with some of the lower animals (Wetham, 1933), because the 
return to average duration occurs when the days are shortest. The 
longer periods of the summer months may be a result of the higher 
temperature at that time. There was no change in the habits of the 
subject during the year that would explain this systematic variation 
of the menstrual periods. 

The record of Subject IT shows no secular trend but does have 
a smaller cycle of seasonal variation which was isolated by the same 
method and is shown on Figure 2. Less variation is observed as 
would be exiiected since the standard deviation of Subject H' is less 
than that of Subject I. The curves are quite different with the 
longer intervals of Subject IV occurring in the late fall at the same 
time that they were shortest for Subject I. This difference suggests 
again that the systematic variations are indimdual differences and 
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not related to the season of the year. The year by year analysis 
of the record of Subject IV, Table 4, shows somewhat better agree- 
ment than that of Subject 1. 

Few records of sufficient length for analysis have been published 
or are available for comparison. There seems to be no such definite 
variation in the record of Subject A of King’s (1926) paper. The 
number of observations in the other records are too few for detailed 
study. It will be interesting to know whether there is any evidence 
of systematic variation in the record of the special case covering 
21 years of Papanicolaou (1933). 

An adequate study of the variation of the menstrual interval 
will require accurate and consecutive records made over a consider- 
able period of time for a number of normal women. The number 
of observations required will depend on the amount of the variation 
found. This variation must be stated in future published accounts 
as well as the length of the mean interval to permit close comparisons 
of the records of different subjects. When the data of many cases 
are combined from clinical records further analysis is impossible. 
The frequency of occurrence should be recorded for each day of the 
week and relevant data from the daily life of the subject should be 
added. 

Summary. The mean lengthand variation of the menstrual interval 
is here given for 4 cases not previously published and for 9 cases from 
the literature. Some of the women showed a variation nearly 5 times 
greater than others within this small group. From the experience of 
this group of women a variation of 1 to 5 days may be expected and 
variations of from 2 to 10 days, depending on the variation of the 
individual case, indicate a definite departure from the normal 
variation. A variation of about 1 day in the mean intervals between 
2 women is statistically significant and shows that there are marked 
individual differences in the menstrual rhythm. A systematic 
variation was found in the long records of two of the subjects. One 
menstruated less frequently in summer and more frequently in the 
late fall of the year. This systematic variation was followed more 
closely after interruption by pregnancy. The other subject men- 
struated more frequently in late spring and less frequently in late 
fall. The necessary formulae of -this kind of analysis are given. 
Further comparison of the results will have to await the publication 
of more data for analysis. It is believed that a knowledge of the 
individual variations in the menstrual rhythm will be of use to the 
clinician and will aid the study of the control of the female sexual 
cycle by the endocrine glands. 
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THE DAILY REQUIREMENT IN HUMAN HYPOTHYROIDISM OF 
PURIFIED HUMAN THYROID HORMONE AT VARIOUS 
METABOLIC LEVELS. 

A Comparison Between Spontaneous Myxedema and 
Cachexia Strumipriva. 

By Eugene C. Eppinger, M.D., 

HESIDENT PHYSICIAN, PETER BENT BRIGHAM HOSPITAL, 

AND 

William T. Salter, M.D., 

ASSISTANT professor OF MEDICINE, HARVARD MBDICAD BCHOOE, 

BOSTON, MASS. 

(From the Medical Clinic of the Peter Bent Brigham Hospital and the Huntington 
Memorial Hospital of Harvard University.) 

Increased clinical interest in removal of the thyroid as a thera- 
peutic measure in circulatory disturbances^ has extended the 
necessity of using thjToid preparations for substitution therapy. 
In a previous communication- it was suggested that there existed 
appreciable differences between indiidduals with spontaneous and 
those with surgical hypothjToidism in their responsiveness to thy- 
roid extract. Inasmuch as many such surgically treated patients 
are on the verge of cardiac decompensation, it is especially impor- 
tant to be able to judge with some accuracy the metabolic level 
which a given dose of thyroid will cause this type of patient to 
assume. Conversely, if it is desired to hold a patient at a certain 
substandard level of caloric turnover, it is necessary to know the 
daily requirement of thyroid hormone needed in such a case. Such 
knowledge offers an added safeguard to the sudden overburdening 
of cardiac reserve. 

From the physiologic standpoint also, it is desirable to know liow 
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far the spontaneous variety of myxedema resembles hypothyroid- 
ism produced by total thyroidectomy. It is the purpose of this 
paper to report studies of the daily requirement of thyroid hormone 
in cases of spontaneous and surgical myxedema, respectively, when 
adjusted to a steady state at various levels of metaholic equilibrium. 

Plan of Study. _ The cases selected for observation were of two sorts. 
The first class consisted of 2 cases of spontaneous myxedema, one of whom 
had never been treated and the other of whom had relapsed after with- 
drawal of medication for 220 days. The second group consisted of 4 cases 
of typical myxedema following total ablation of the thyroid by Dr. E. C. 
Cutler.* 

Following complete ablation of thyroid tissue the patients’ basal meta- 
bolic rate was allowed to drop until the symptoms of myxedema became 
sufficiently severe to necessitate thyroid therapy. At this stage various 
patients had attained different levels of metabohsm in accordance with the 
well known lack of correlation between basal metabolic rate and the clinical 
picture. The initial metabolism before treatment varied from —40% to 
—20% (Table 1). Inasmuch as this paper deals only with maintenance 
requirements at steady states of metabolism, it was not essential that the 
metabolic histories run parallel to each other. The presence of myxedema 
seemed absolutely certain in all these cases because of the invariable finding 
of clinical symptoms together with striking elevation of the blood cholesterol 
above the pre-operative level. The subsequent marked response to small 
amounts of thyroid hormone further validates the diagnosis of hypothy- 
roidism. 


Table 1.— Dailt Consumption op Human Thyroid Hormone at Various Meta- 
bolic Levels. (Expressed in Milligrams op Thyroglobulin Iodin.) 



Spontaneous myxedema. 





Sponta- 

neous 

Metabolic rate. 

Case 1,* 

Case 6.t 


myx- 

edema, 

Hu- 

man. 

Desic- 
cated, t 

Hu- 

man. 

Desic- 
cated. J 

■ 

Case 

3.* 

Case 

4.t 

1 


-H0% .... 

±0 

6!7 

0.4 




0.2 


0.1 

0.4 

-10 

0.6 

.0.2 



0.2 

0.15 

0.3 


0.1 

-20 

-30 

0.3 

0.1 


0.1 

0.05 

o.i 

0.1 


0.1 


0.05 

Av. initial B.M.R. 
before treatment . 

-40% 


-40% 


-25% 

-20% 

-32% 

-26% 



♦ Treated •n-itb tliyroglobulin from multiple colloid adenomatous goiter (“non-toxic”). 

J Treated -nutb thyroglobulin from primary hypcrplaatie glands ("toxic”). 

Calculated on the assumption that U.S.F. desiccated thyroid contains 0.2% thyroglobulin 
iodin. 

In order to have a standard and fairly pure source of thyroid hormone, 
it was decided to use thyroglobulin extracted from human glands. These 
were obtained fresh after surgical removal and extracted with 0.02 normal 
sodium hydroxid. From this solution the thyroglobulin was repeatedly 
precipitated, redissolved and reprecipitated vith dilute hydrochloric acid 

* We owe to Drs. Cutler and S. A. Lex-ine the opportunity of studying these cases 
after operation. 
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at the iso-electric point of the protein (about pH 5) . The purity of such 
a product in terms of other protein has been tested by Dr. Saul Hertz,® who 
found that it evoked antil3odies to human th 3 T:oglobuhn in rabbits, without 
producing antibodies to human serum albumin or globulin. 

The source of the thyi'oglobulin used was of two sorts, namely primary 
hyperplastic glands (“toxic”) and multiple colloid adenomatous glands 
(“non-toxic”). These two preparations of thyroglobulin will be referred to 
in this report as “toxic” thyroglobulin and “non-toxic” thyroglobulin, 
respectively. 

The strength of the medication was gauged quantitatively in terms of 
total iodin. The experimental justification for total iodin as a measure of 
thyroid activity has been discussed by Lerman and Salter These authors 
have also pointed out the variation in activity of various preparations^ of 
desiccated thyroid now on the market, which makes accurate estimation 
of thyroglobulin iodin desirable in quantitative chnical studies. 

It is of interest that, when assayed by the method of Harington and 
Randall,® the moiety of iodin apparently present as thyroxin was in the 
case of the “non-toxic” preparation 30% of the total iodin and in the 
“ toxic ” preparation 25 % of the total. The use of these two types of human 
thyroglobuHn must be borne in mind in judging the effects to be described. 

Clinical Procedure. Determinations of the basal metabolic rate 
were made daily except Sundays (Benedict-Roth apparatus). In 
all cases the patients were hospitalized and remained in bed, except 
for toilet privileges. A preliminary series of determinations was 
made until a stable metabolic level had been attained. Thereupon, 
the administration of thyroglobulin wi^s begun in a small daily dose 
which was continued until metabolic equilibrium had been estab- 
lished at a liigher level. The daily dose was then increased and 
continued until a second plateau had been attained. In this way 
it was possible to correlate various levels of caloric turnover with 
the eorresponding daily administration of thyroid hormone. 

In order to insure ready assimilation of the medication, the iso- 
electric suspension of undenatured thyroglobulin was each day dis- 
solved ivith a few drops of dilute aqueous sodium hydroxid and 
added to 60 cc. of orange juice. This procedure was carried out in 
all cases except Case 1 (spontaneous myxedema), in wdiich instance 
the thyroglobulin was not alkalinized. Thompson'^ pointed out 
that alkalinization of a peptide of thyroxin insures maximal absorp- 
tion of the drug. This is in all probability due to a simple solubility 
effect (Lerman and Salter®). Inasmuch as Barnes and Bueno® have 
shown that soluble thyroglobulin is rapidly absorbed from the 
intestine, the lack of alkalinization in the first case probably had no 
significant influence on the results obtained. The result of better 
assimilation, in any event, would merely tend to make the response 
obtained in Case 1 more closely approximate the responses obtained 
with the other patients. 

Mciaholic Data. The results of the determinations of metabolic 
response are presented in Table 1. Only the value attained at each 
equilibrium level is given, in association with the daily dose of 
thyroglobulin iodin required to maintain it. As was to be expected. 
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relatively more thyroid substance was needed to maintain metabol- 
ism at higher than at lower levels. By comparing these levels it is 
possible to calculate the rise in metabolic rate produced by each 
additional 0.1 mgm. of thyroid iodin given. These values are pre- 
sented in Table 2, for two ranges of initial metabolic rate (as meas- 
ured before treatment). For comparison, there are included in cer- 
tain instances in these tables the metabolic effects attained with 
Armour’s desiccated thyroid extract. Table 1 also gives data re- 
calculated from values for desiccated thyroid given by Means and 
Lerman® in spontaneous myxedema. 


Table 2.— Effectiveness of Thyroglobelin Iodin in Elevating Basal Meta- 
bolic Rate. (The Index Shows the Rise in Metabolic Level to be 
Expected per 0.1 Mg. of Iodin Administered Daily.) 

Range of initial metabolic 
rate before treatment. 


Severe Mild 

myxedema, myxedema, 

-40 to —20. —20 to ±0. 

Increase in B.M.R. from previous level; 

Spontaneous myxedema; 


Case 1* 6.7 5.6 

Case 6t (human thjToglobulin) ... 19.2 10.0 

(desiccated) t 20.0 

Surgical myxedema; 

Case 2* 10.0 

Cases* . . . . 10.0 

Case 4t 5.3 

Case 5t 10.0 


* Treated with thyroglobulin from multiple colloid adenomatous goiter ("non- 
toxic”). 

t Treated with thyroglobulin from primary hyperplastic glands' ("toxic”), 
j Calculated on the assumption that tf.S.P. desiccated thyroid contains 0.2% 
thyroglobulin iodin. 


It will be noted that the data vary over 50% from the mean, 
although there are too few values to warrant serious statistical 
treatment. This variation, we feel, is not due to technical errors 
but represents rather the random variation to be expected in a 
series of biologic measurements of this sort. Fortunately, the 
values for surgical myxedema are in general intermediate bet'n'een 
those for our two spontaneous cases. Although more observations 
are desirable for greater accuracy, the expense of prolonged hospital- 
ization has necessarily limited opportunit 5 ^ for greater exactness. 

Discussion. Of special interest is the relative effectiveness of 
thyroglobulin iodin at different levels of metabolism in the mild 
and severe stages of spontaneous myxedema. In both of the cases 
here studied, the response was more m’arked at lower metabolic 
levels, in accord with long-established clinical experience. Table 2 
offers quantitative evidence of this qualitatiAm observation. It 
vdll be observed from Table' 2 that the permanent elevation of 
metabolic rate produced by a daily dose of a 0.1 mgm. of thyro- 
globulin iodin varied from 19.2 points to 5.6 points above the pr6- 
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ceding stationary level. More specifically, the data may be grouped 
into (a) the mild and (b) the severely myxedematous cases. 



Chart I. — Response of human myxedema (surgical) to human thyroglobulin. 


Thus, in the first case treated Avith “non-toxic” hormone the index 
for severe stage tvas 6.7 points per 0.1 mgm. of iodin as against 5.6 
points per 0.1 mgm. of iodin in' the mild stage. In the second case, 
treated with “tojdc” hormone, the corresponding indices were 19.2 
points per 0.1 mgm. of iodin during severe symptoms, as against 
10 points when recovery Avas nearly complete. Whether the dis- 
crepancy betAA'een the effects of “toxic” and “non-toxic” preparations 
is due to chance A^ariation or to actual difference in potency cannot 
be determined from the fcAV cases reported here. Lerman and Salter® 
have presented eAddence AA’hich indicated no signiHcant difference in 
the potency of these Iaa'o preparations of thyroid hormone. 

It is of interest that these extremes AA'ere found in the cases of 
spontaneous myxedema. In between these extremes are found the 
indices determined for the artificial surgical liA-pothyroidism, AA'hich 
ranged from 10 to 5.3 points per 0.1 mgm. of iodin. There is no 
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e^’^dence from tliese figures to indicate that the response of artificial 
hypothyroidism to purified thyroid hormone shows any significant 
difference from that of spontaneous mjocedema. 

Means and Lerman® have given average values of thyroid con- 
sumption in mjocedema at three metabolic levels. These are re- 
produced in terms of iodin in Table 1. Our values in the 4 cases of 
surgical mjoiedema are quite similar. One of our cases of spontane- 
ous mjTcedema (Case 6) likewise checks closely. Our other spon- 
taneous case (Case 1) however, required nearly twice as much thy- 
roid iodin while mjrxedema was slowlj' being relieved for the first 
time. Subsequently during ambulatory treatment with Armour’s 
extract values approaching the general average were obtained. 

In following the metabolic response of these patients while on a 
constant dose of thyroid hormone, a confusing feature was the 
tendency to overshoot metabolic equilibrium before settling back 
to a constant basal metabolic rate. This phenomenon is illustrated 
for Case 5 by Figure 1. Presumably the explanation lies in general 
structural and physiologic changes undergone by the organism as 
it recovers from the mj-xedematous state. It is conceivable that 
after maintaining a given metabolic level for many days, the require- 
ment of thyroid hormone at this level may change. There was some 
e^^dence to suggest this 'in Case 1, but rigorous hospital control of 
the patient over the course of many weeks after recovery was not 
feasible. 

Summary and Conclusions.— The effects of purified human thjTO- 
globulin were studied in 2 cases of spontaneous mj'xedema and in 
4 cases of artificial hjqiothyroidism surgically produced. These 
studies compare the responsiveness of mjocedematous patients at 
various metebolic levels to purified human thyroglobulin. The 
results indicate that there is a fairly characteristic daily requirement 
of thyroglobulin iodin at any given level of metabolism. No definite 
discrepancy could be discerned between spontaneous myxedema 
and hypothyroidism produced by complete ablation of the thyroid 
gland. 

In general, an addition of 0.1 mgm. of thyroglobulin iodin to the 
daily dose of hormone elevated the basal metabolic rate 10 ±5 
points. 
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In the course of our earlier investigations of gall-bladder function 
we found that when the bile-free gall bladder of the dog became 
damaged there occurred a retardation of the rate of water absorp- 
tion'until, finally, instead of fluid being absorbed, fluids poured into 
the gall-bladder liimen.^ The fluid which we recovered liad all of 
the xihysical characteristics of “white bile,” or hydrops fluid, and 
was, as Rons and Mchlaster® have stated, the result of the activity 
of the mucosal cells lining the lumen of the cxtraliepatic biliary 
system. Chemical analysis of this fluid showed it to contain 
approximately 100 niilliequivalents per liter of chlorid, 2.5 to 5 milli- 
equivalents per liter of calcium, and 60 milliequivalents per liter of 
CO 2 . No bile salt was found in these specimens and the amount 
of cholesterol present was insignificant. 

'When a damaged biliary system becomes obstructed either in 
the cystic or common duct, the pent-up bile in the obstructed por- 
tion of the biliary tract is gradually diluted by the secretion of the 
mucosal cells and finally it becomes colorless, the bile pigment 
Iieing either absorbed or undergoing a cliange to a colorless type 
of pigment. Whether an active acute infection is a factor in this 
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mechanism, as Aronsohn^ believes, is as j’^et controversial. It is, 
however, important that the mucosal cells of the gall-bladder wall, 
or the common duct, or both, be damaged. 

During our investigations of, the gall bladder and liver bile of 
the human being we were fortunate in securing at operation 15 
specimens of hydrops fluid. In every case the cystic duct was 
found at operation to be occluded so that hepatic bile could not 
enter the gall bladder. In 2 patients we were able to secure the 
secretion from the gall bladder over a period of several days sub- 
sequent to operation. The study of this material forms the basis 
• of the following report. 

There has been a paucity of data on hydrops fluid, or “white 
bile,” in the literature. Winternitz,® Elman and Taussig,’’ Bern- 
hard,2 Aronsohn^ and Fowweather and Collinson'^ have published 
data on the chemistry of “white bile,” but in each instance the data 
are limited to a single or, at most, a few observations. In a number 
of other instances chemical studies have been of a purely qualitative 
character. In others no chemical data are given. Frequently 
deductions and generalizations are drawn which are unwarranted 
from the data the author apparently has had at his disposal. 

Results. The original specimens obtained from our patients must 
be divided into two groups. In the first group (Table 1, 10 speci- 
mens), the chlorid concentration varied from 83 to 135 milliequiva- 
lents per liter, while the calcium concentrations of this group varied 
from 3 to 7 milliequivalents per liter. Cholesterol was present in 
only very small amounts, the highest being 28 mg. per 100 cc. 
Analysis failed to show the presence of bile salt as determined b,y 
the Gregory-Pascoe method. No analyses were made for bile 
pigment, since the material was colorless. 


Table 1. — The 

Composition of ’'White Gall-bladder 

Bile.” 

Low-calcidm 


Group, 

Calcium, 

Chlorid, 

Bile suit, 

Cliolestcrol, 


mEq./L. 

mEq./L. 

mg./lOO cc. 

mg./lOO cc. 

Patient. 

La. 

6 

99 

0 


Ei. . . 

6 

100 

0 


McC. 

3 

83 

0 


Ca. 

5 

93 

0 

0 

Ha. . 

7 

133 

0 

0 

Go. . . 

4 

122 

0 

Less than 5 

Ma. . . 

5 

119 

0 

S 

"Wi. . . 

3 

132 

0 

2-4 

Wa. . . 

6 

135 

0 

28 

Da. . . 

4 

114 

0 



In the second group (Table 2, 5 specimens) the material obtained 
from the gall bladder was sometimes colorless, but other specimens 
were somewhat milky in appearance, although they were not of 
the “milch-calcium” type described by Volkmann.^ Tlie’ chlorid 
concentrations in this group varied from 106 to 140. The calcium 
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concentrations were definitely higher than in Group 1 , varying from 
11 to 44 milli equivalents per liter, thus containing calcium in con- 
centrations 'varying from 2 to 8 times the normal serum level. 
The cholesterol concentrations tended to be on the whole somewhat 
higher than those found in the first group. No bile salt was found 
in this group. 


Table 2. — The Composition of “White Gall-bladder Bile.” High-calcium 

Group. 


Patient. 

Calcium, 

Chlorid, 

Bile salt, 

Cholesterol, 


mEq./L. 

mEq./L. 

mg./lOO cc. 

mg./lOO cc. 

Le 

... 16 

134 

Trace 

27 

Ch 

... 25 

140 

0 

Fluid 26 

FI. and ppt. 143 

Pe 

... 32 

127 

0 

15 

Kr 

. . . 44 

106 

0 


Sc 

. . . 11 

112 


52 


In Tables 3 and 4 are given the data on 2 patients in whom the 
gall-bladder secretion free from bile was studied over a period of 
several days. The data are similar to those reported in Table 1 
except that in 1 patient the cholesterol concentrations were, as a 
rule, higher than those reported in Table 1, and with a single excep- 
tion higher than those found at any time in the second patient; 


Table 3.— 

The 

Composition 

OF Fluid Drained From 
Patient 1. 

Gall Bladder Dailt 

Date, 


Chlorid, 

Calcium, 

P total. 

Bile salt. 

Cholesterol, 

1934. 


mEq./L. 

mEq./L 

mg./lOO cc. 

mg./lOO cc. 

mg./lOO cc. 

May 31 


. , 103.9 

7.3 

3.8 

0 


June 1 


. . 97.9 

7.3 

3.0 

0 


2 


. . 107.0 

7.5 

2.6 

0 

12.4 

3 


. . 102.2 

7.4 

3.6 

0 


5 


. . 102.2 

6.8 

2.9 

0 

30.8 

6 


. . 101.6 

6.2 

3.2 

0 


7 


. . 111.8 

6.3 

3.0 

0 


8 


. . 120.9 

5.0 

2.5 

0 


9 


. . 111.6 

4.5 

4.0 

0 

20.0 

10 


. . 116.4 

4.5 

2.3 

0 

36.5 

11 


. . 112.8 

4.3 

2.6 

0 

13.2 

Table 4.- 

-The 

Composition 

OF Fluid Drained From 
Patient 2. 

Gall-bladder Daily 

Date 


Chlorid, 

Calcium, 

P total. 

Bile salt. 

Cholesterol, 

1934. 


mEq./L. 

niEq./L. 

mg./lOO cc. 

mg./lOO cc. 

mg./lOO cc. 

Sept. 21 


. . 119.0 

4.4 

1.20 

0 

5.8 

22 


. . 110.6 

4.0 

0.85 

0 

8.3 

23 


. . 99.3 

3.C • 

1.25 

0 

' 0.6 

24 


. . 107.0 

3.8 

12.0 

0 

4.2 

25 


. . 108.7 

3.7 

0.70 

0 

3.4 

26 


. . 108.1 

3.5 

0.90 

0 

8.2 

27 


. . 102.2 

4.5 

0.94 

0 

5.1 

30 


. . 103.0 

4.3 

0.93 

0 

4.9 

Oct. I 


. . 91.4 

4.3 

0.90 

0 

0.8 

4 


. . 115.7 

4.5 

1.01 

0 

.39.0 

5 


. . 108.1 

4.C 

3.20 

0 

11.7 
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Discussion. In a single specimen Winternitz^ found the chlorid 
concentration of “white bile” to be 0.761 gm. sodium chlorid per 
100 cc. (130 milliequivalents per liter). Elman and Taussig^ found 
in 2 specimens a cholesterol concentration of 19 and 45 mg. per 
100 cc., respectively, and in 2 others “macroscopic crystals” of 
cholesterol. 

Bernliard^ and Aronsohn^ reported that specimens of “white 
bile” in dog and man which they had examined contained no pig- 
ment, bile salt or cholesterol. Bernhard found such fluids to con- 
tain approximately 10 mg. per 100 cc. (5 milliequivalents per liter) 
of calcium. Fovn;\’’eather and CoIIinson^ reported in 6 cases of 
“white bile” that the calcium concentrations varied from (indi- 
vidual analyses not given) a trace to 15 mg. per 100 cc. (up to 
7.5 milliequivalents per.liter), and cholesterol values, from a trace to 
130 mg. per 100 cc. These data are in general agreement with the 
more extensive 'data on “white gall-bladder bile” here reported. 
The composition of the “white bile” obtained from the gall bladders 
of the 2 patients from whom it was possible to iobtain this over a 
period of days shows that the single specimen which we obtained 
was the result of the activity of the mucosal cells lining the gall 
bladder. 

The higher calcium concentrations found in a few of the “white 
bile” specimens are not so easily explained. Since the cystic duct 
was occluded, the calcium must have come into the gall bladder 
with the fluid pouring in from its mucosa. The concentration at 
which it enters the gall bladder in the usual specimens of “white 
bile” is approximately at the serum level. The high concentrations 
found in several of these specimens which were not at all miUcy 
suggests that the calcium was present as other than the carbonate 
salt. IVhether under certain circumstances, especially in the 
presence of infection, it may be secreted in a greater concentration 
is as yet unknovui. 

Summary. The “white gall-bladder bile” of the human is 
similar in its composition to that of the dog. It contains chlorid 
and, as a rule, calcimn at approximately the serum level, the calcium 
concentrations being slightly more variable than the chlorid varia- 
tions. The cholesterol concentrations were extremely low, while 
bile salt was absent. 

In one-third of the specimens of “white gall-bladder bile” which 
we studied the calcium concentrations are considerably above the 
serum level. The cause of this calcium retention is unknown. 
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THE DISTRIBUTION AND PROGNOSIS OF PULMONARY 

LESIONS.* 

Associated Tuberculous and Non-tuberculous. 

By F. Maurice McPhedran, M.B. (Tor.) 

(From the Henry Phipps Institute of the University of Pennsylvania.) 

In physical diagnosis it has long been recognized that signs in 
the upper half of the chest are referable to tuberculous lesions, 
those in the lower half to non-tuberculous.^ This generalization is 
applicable, however, only to the adult and that not without excep- 
tions. In early childhood, especiallj' in infancy, it is almost useless, 
and in adult life chronic tuberculous basal lesions do occur, though 
rarely. ' 

It is only in the Roentgen ray film, with its capacity for exact 
definition of anatomical invasion, that it is possible to distinguish 
in distribution between tuberculous lesions that have been verified 
by a positive sputum and, on the other hand, chronic non-tubercu- 
lous bronchopneumonia,- established as such by prolonged observa- 
tion, showing constantly negative tuberculin reactions and sputum 
negative for tubercle bacilli. On the basis of these essential differ- 
entiating criteria it can be established that there are characteristic 
sites of origin and spread in the chest for chronic tuberculous and 
non-tuberculous lesions, from which they depart only in extremely 
rare instances. Only in the first 6 or 12 months of life do tuberculous 
lesions originate in, or have their maximum severity in the cardio- 
phrenic angle, the typical site of chronic non-tuberculous broncho- 
pneumonia at all ages. There are also differences in Roentgen ray 
appearances, especially in later life, even when tuberculous lesions 
descend into the base.--^-^ 

* Read before the Association of American Physicians, Atlantic City, May 7, 1935. 
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In order more briefly and exactly to describe and discuss charac- 
teristic differences in site of tuberculous and non-tuberculous lesions, 
I have divided the lung field into six regions (Plate II, Fig. 2), of 
which the first three refer to the tj^iical sites of origin of adult-type 
lesions in the upper third of the lung. The fourth takes in the 
middle third of the pulmonary cone. It is boimded above by an 
almost horizontal line and dips in a salient to the diaphragm in 
the midthoracic line. Within this Area 4 originate the majority 
of lesions of the childhood type after infancy; of these, the severe 
consolidations and excavations usually occur in Area 4 mesial, that 
is, on the posterior chest wall at about the seventh to the ninth fib 
levels, and the more benign occur chiefly at the anterior second and 
third interspaces. Tlie lower third of the pulmonary cone contains 
the last two areas of the lung field, 5 and 6. In this lower third. 
Area 5 is boxmd mesiallj’^ by the heart and mediastinum, below by 
the mesial half of the diaphragmatic contour, and laterally by an 
oblique line running from above at the hilum at the posterior level 
of the eighth or ninth rib, depending on the shape of the chest, to 
the base of the lung on the diaphragm at the midthoracic line. 
Essentially this area demarcates the paracardiac border from the 
anterior to the posterior chest wall, including particularly the cardio- 
phrenic angle. This is the area of acute and chronic non-tuberculous 
bronchopneumonia; Area 6 is the region into which far-advanced 
lesions, both tuberculous and non-tuberculous may spread. See 
Plate II, Fig. 2. 

The differentiation of the tvm lesions has long been an object of 
investigation;--®'^ more recently I have been interested in their 
relations as they occur in the same chest.®- A detailed study has 
been made and is being continued, based on Roentgen ray observa- 
tions on clinic patients over some 12 years, with medical histories 
of the patients and their families. 

It has been found that extensive lesions in Area 5, and more 
particularly severe exacerbations of these non-tuberculous broncho- 
pneumonias, observed in closely spaced serial films, do not intensify 
tuberculous apical lesions in the same chest, but are, in fact, com- 
monly seen with retrogression of tuberculous lesions. This appears 
conspicuously in cases that heal with little or no treatment. 

A series has been analyzed of 51 cases (Table 1) of tuberculosis 
under clinic observation that are known to have been sputum- 
positive and have become sputum-negative without treatment, or 
with rest short in proportion to the intensity and extent of the 
disease. These patients were otherwise unselected; the range in age 
was approximately from 3 to 55 years, only 2 being under the age 
of puberty; some were negroes. In this, as in other groups, it has 
appeared that the prognosis for the tuberculous lesion has been 
more favorable when it has been associated with a relatively exten- 
sive Area 5 lesion. On the other hand, it has appeared that the 
younger the patient, the greater his danger if the associated lefion 
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in Area 5 tends to heal. Indeed, relapse of tuberculosis in many 
cases has followed tlje healing of a lesion in Area 5, during the acute 
stage of which the apical lesion had retrogressed. In those whose 
sputum had become negative, but whose tuberculous lesion still 
appeared unstable, only relatively small cardiophrenic lesions were 
seen. In those patients whose sputum, once positive, had been 
negative for many years when first seen, extensive or residual lesions 
were usually found in Area 5. 

Table 1.— Summary of All Cases of Sputum + Tuberculosis Becoming Spu- 
tum— Without Therapeutic Pneumothorax and With Little oh No 
Other Treatment; Observation 1923 to 1935. 


Total number of cases 51 

Age at first sputum -b examination; 

Under 10 years 2 

10 to 45 years . . 40 

Over 45 years " .... 9 

Average number of years sputum— since last sputum -f ... 8 

Tuberculous lesion; 

Minimal ' 13 

Moderately advanced .... 24 

Far advanced . . ... 14 

Cardiophrenic lesion; 

Severe .... 31 

Marked .... . . 15 

Slight 3 


Age. W’lien the sputum’ was first positive 40 of the 51 cases were between 
the approximate age of puberty and 45 years; only 2 were under 10 years; 
8 were between 45 and 55, and 1 was 78. Of the far advanced cases, 10 
were under 30 years. 

Negative Spntums. Only 2 cases were listed as sputum negative when less 
than 2 years had elapsed since the last positive sputum. One of these is 
illustrated in Fig. 2. 

Classificatio?! of Lesmis. Of the 13 minimal cases, all had become sputum 
negative before Roentgen ray examination was made. It is probable that 
the lesions had retrogressed materially by the time these cases came under 
observ^ation; 12 lesions had the linear appearance of old scars. 

Of the 24 moderately advanced cases, 7 would be transferred to the far 
advanced group if all of the pulmonary damage were considered tubercu- 
lous. In the table, only that part of the involved area that is regarded 
as clearly tuberculous (upper two-thirds) has been made the basis of the 
grouping. Several of the minimal cases would similar!}" fall under moder- 
ately advanced according to standard classification. 

Aa vuth the minimal lesions, some of the moderately advanced group 
were observ^ed after the sputum had become negative, and therefore pre- 
sumably after their tuberculous le.sions had retrogressed somewhat. 

Deaths. Of the 51 cases 5 are dead, all of causes other than tuberculosis. 

One died, aged 39, of a pituitarj* tumor. His sputum was consistently 
negative in 21 examinations for 5 years before death. Roentgen ray exam- 
ination 1 month lieforc death showed slight apical scars and a moderate 
basal lesion. Autopsy showed a scarred and calcified tuberculous lesion 
and a residual chronic non-tuberculous bronchopneumonia, which had 
been subject to marked exacerbations during the 5 years preceding death. 
One child had extrapulmonarj- (bone) tuberculosis. 
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One died, aged 42, of a “heart attack” 14 years after his sputum had 
ceased to be positive. When last examined, 7 months before death, the 
tuberculous lesion was minimal, the basal lesion severe. The sputum was 
negative 37 times, including 2 animal inoculations, in the 4 years preceding 
death. One child has moderately advanced, and one far advanced tuber- 
culosis. 

One patient died, aged 62, of apople.xy. He had been well and was 
looking for work when the stroke occurred. Sputum was negative for 
3_years and absent for 1 year before death. His 'wife and 2 children had 
died of tuberculosis. 

One died in his 64th year, 16| years after the sputum had last been 
positive. The apical lesion was minimal and scar-like 7 months before 
death, while the basal lesion was severe. 

One patient died, aged 82, of perforated gastric ulcer, 4 years after the 
sputum had last been positive, as determined by smear and animal inocu- 
lation. Postmortem examination showed a densely scarred apex typical of 
old tuberculosis, and an extensive chronic non-tuberculous pneumonitis of 
the middle and lower lobes nuth secondary moderate bronchiectasis. At 
least 1 child died of tuberculosis. 

Lesions may be found in Area 5 in association with progressive 
tuberculosis, but they have been slight in extent or fleeting, or they 
have appeared after the tuberculous lesion was far advanced and 
well entrenched. 

In infancy a non-tuberculous lesion may have a remote adverse 
influence upon tuberculous infection, even in the absence of an 
extensive or definite tuberculous lesion in the lung parenchyma.®-® 
The effect, however, is apparently a purely mechanical one, the 
increased lymph drainage flooding nodes that were demonstrably 
grossly enlarged and, therefore, presumably the site of many young 
tubercles.- This flooding is most common as a result of broncho- 
pneumonia, whether associated with measles or not. Aside from 
these cases, the occurrence of a non-tuberculous bronchopneumonia 
is associated in ver^' young children, just as in older patients, with 
retrogression of tuberculous pulmonary infiltration. No evidence 
has been found that a non-tuberculous bronchopneumonia (Area 5 
lesion) has aggravated an associated tuberculous pulmonary lesion 
at any age, and in the spontaneous retrogression of tuberculosis, a 
non-tuberculous element has commonly been a part. 

It is e\'ident that the method of examination is of the first impor- 
tance in the study of such an interrelationship, which can be 
observed only in suitable roentgenographic views of the living. 
In the present study stereoscopic films have been synchronized to 
minimize the effects of cardiovascular movement, the importance 
of which has been discussed elsewhere.® In the base of the lung, 
particularly, slight infiltrations may be overlooked or shadows may 
be mistaken for lesions in the blurring of trunk markings and of the 
cardiac border.® Hardly less essential to exact demonstration of 
slight lesions among the complex shadows beside the heart on the 
right, and on the left behind the cardiac contour, are multangular 
views. The patient is rotated so that the incident beam of the 
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Roentgen ray forms an angle of 5, 10, 15, 20, 30, 45 or 60 degrees 
with the sagittal plane of the body, the degree of rotation depending 
on the area to be thrown clear of the cardiac silhouette. Only in this 
way can consolidations in this region be exactly defined. Due 
regard is had to adapting the quality of the film so that it best 
records the critical density of a small lesion against a varied back- 
ground of heart and vessels. The high-speed Buckj’ diaphragm^ 
may be used for observations of particularly obscure areas. 

Moreover films must be closelj’^ spaced to catch the opposed 
rhythm that has been repeatedly observed in these studies, of apical 
retrogression with or shortly after basal spread, and of apical spread 
following basal retrogression. The retrogression of the apical lesion 
may not become obvious until after the paracardiac lesion has 
reached its peak, which may be a matter of 4 to 8 weeks. In retro- 
gressive tuberculosis the Area 5 lesion characteristically persists 
while the tuberculous is decreasing, as suitably spaced films 
will show. There is, however, in many typical cases with favorable 
outcome a stage at which the paracardiac has become much less 
conspicuous while the apical continues to show marked retrogres- 
sion. Films taken according to the rise and fall of symptoms may 
be made when the paracardiac infiltration is reaching its peak and 
then not again until both the apical and the Area 5 lesions have 
retrogressed materially. Such views would show only a coincident 
increase and decrease of both, and by themselves entirely misplace 
the emphasis and misinterpret the interrelationship of the two lesions. 

Of the cases that have been observed for years by this method, 
a large series has recently been reviewed and will be presented 
shortly.* A few typical cases are described here and are illustrated 
by diagrams traced from the films. 

Cnses of Uncomylicaled N on-iiihercidous Pnlmonanj Lesions. In Plate I, 
first ro^y, are shown diagrammatically typical uncomplicated non-tuhercu- 
lous lesions in 4 members of a white family ■with consistently negative 
sputums, a conspicuously high incidence of negative tuberculin reactions, 
and no known contact v4th tuberculosis. The father, aged 41 years and 
2 months, on April 29, 1927 (Fig. 1), had occasional “colds,” with some 
cough and expectoration. In March, 1929, he had a severe attack, with 
fever and Aveakness; the sputum, scanty, blood-streaked, was negatDe for 
tubercle bacilli. Sinusitis. 

A daughter, aged 16 years and 2 months, on May 6, 1933 (Fig. 2), had 
for years suffered from attacks of cough. Sputum Avas negative on animal 
inoculation. Serial Roentgen ray examinations shoAA'ed a fluctuating densitj* 
obscuring the left cardiac border. Basal rales Avere heard in 1932 and 
1933. With tlie exception of her parents, she Avas the onl}' member of the 
family to haA'e consistently positiA’e tuberculin reactions from the time 
of lier first examination, at the age of S years and 10 months. 

In the third eldest child, a boy, aged 5 years and 1 montii, on June 7, 
192.5 (Fig. 3), a non-tuborculous basal lesion AA-as obserA'cd from 1925 through 
1933; during this time his tuberculin reaction' Avas consistently ncgatiA'e 

* Exhibit, N.'itional Tuberculosis Association, June, 19.35, and subsonuont publi- 
cation. 




Plate I.— Diagrams traced from films. 
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to 1 mg. O.T. until he was inoculated, in 1932, with killed tubercle baciUi, 
in a study carried on by a department of the Institute, when it became 
+ + to 1 mg. O.T. His sputum was negative for tubercle bacilli 8 times 
from 1926 to 1931 in smears and twice on animal inoculation. _ No spiro- 
chetes or molds. Gram-negative and Gram-positive diplococci and influ- 
enza bacilli reported on culture. 

Clearing of infiltration was noted in films of February, 1927, as compared 
with those of 1925; subsequently wide fluctuations were seen in serial 
films. Many rdles were heard in numerous examinations over the bases and 
sometimes throughout the lung. Cough was present with exacerbations 
from 1925, except for intervals of varying duration; expectoration w'as 
usually moderate, sometimes greenish. There was no history of other 
illness except pertussis in 1926. 

The youngest child, aged 7 years and 7 months, on March 24, 1934 
(Fig. 4), was first seen at 8 months. He has a history apparently dating 
from 1928 of acute attacks of coryza, cough, usually unproductive, some- 
times with fever, sometimes with gastric s5Tnptoms; in good condition 
between attacks. Expectoration, greenish, was first reported in Majq 1934. 
Roentgen ray. May 14, 1932, showed light spots at the base near the heart, 
right and left, which were interpreted as old bilateral basal lesions, probably 
non-tuberculous. The film illustrated in the diagram showed, on the right, 
prominent bronclii and a few strands in the lower third, and, on the left, 
a confluent patch, almost homogeneous, in the outer two-thirds of the area 
above the diapliragm (Area 6). RS,les were heard in May, 1934, and 
again in May, 1935. The tuberculin reaction was negative to 1 mg. O.T. 
until it became -f--}- to 1 mg. O.T. in 1931 and again in 1932; it was nega- 
tive to 0.005 mg. P.P.D. in 1934 (age, 8 years). 

It is noteworthy that in this family of 6 children the tuberculin reactions 
were consistently negative for 37 person-years and fluctuated for 7 person- 
years. Positive sputum was never obtained from any member of the 
family. Elsewhere^ attention has been draAvn to the family incidence of 
these lesions. 

The second row of Plate I shows, in a white boy, aged 15 years and 
8 months, on Jime 26, 1930 (Fig. 5), the development of an Area 5 lesion, 
with bronchiectasis, subsequent involvement of the upper two-thirds of 
the lung (pulmonary abscess) and death with brain abscess, November 4, 
1933. Sputum was negative for tubercle bacilU 27 times from 1925 to 
1933, as were also the bronchoscopic findings shortlj" before death. Tuber- 
culin reaction positive to 1 mg. O.T., November 7, 1927; negative to 1 mg. 
O.T., January 23, 1929, August 1, 1930, and September 14, 1931. 

History of pneumonia at 2 ^, 9 and 13 years. No knomi contact with 
tuberculosis. Hemoptysis, 1925 ; sputum occasionally blood-streaked. First 
seen in 1925 with occasional cough, expectoration and headaches. Cough, 
especialty at night and mornings, from 1927, ^Yith "slight to moderate” 
greenish expectoration. 

In June, 1930, the patient was 20 pounds underweight. In 1932, cough 
and expectoration were improved, with gains in weight, after treatment 
by postural drainage. A few rales were lieard at the bases in two examina- 
tions, 1932 and 1933. 

In June, 1933, after a long trip and exposure to rain, he had an acute 
illness, vath high fever, pleuri-sj' in left side, a loss of 15 pounds in 1 week, 
considerable cough and expectoration. lYcakness and cough continued, 
vith about _S ounces of sputum daily. Roentgen raj' showed consolidation 
in Area 5, right and left, and in addition, on the left, confluent spots in the 
middle third, and consolidation with excavation in the upper third. Two 
sputum examinations were negative. The patient was hospitalized, with 
a diagnosis of confluent bronchopneumonia, probable bronchiectasis and 







Diagram of 1 showing pathogenetic signifi- 
cance of several lung areas. Nos. 1,2 and 3 
are typical sitesof adult tuberculosis. In No.4 
originate from the third to eleventh year 
characteristic tuberculous lesions, those pos- 
tero-mesial often with cavity, those antero- 
axillary usually benign. No. 6 is an area of 
spread. No. 5 is the area of nontuberculous 
bronchopneumonia and of mixed tuberculous 
and nontuberculous lesions, both associated 
with' apical healing, intensity of shading 
corresponds to significance of distribution of 
persisting lesion. 
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films show retrogression of cavity and increase of Area 5 lesion in patient ambulant ana a 
working. Sputum formerly positive became negative. 
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lung abscess. Bronchoscopy, July 3, 1933, by Dr, L. H. Clerf, found a 
large quantity of pus coming from the orifice of the left upper lobe bronchus, 
the mucosa of which was intensely inflamed. Culture of the pus showed 
chiefly B. influenzee and a few Micrococci catarrhalis; it was negative for 
acid-fast bacilli and spirochetes. Other sputum cultures (not broncho- 
scopic) showed Strep, viridans, B. influenzEe and M. catarrhalis in three 
specimens; 7 sputum examinations were negative for acid-fast bacilli. 
There was no cardiac enlargement or displacement; no murmurs. 

On November 1, 1933, the patient was again admitted to the hospital, 
unconscious, with a diagnosis of brain abscess or meningitis. He died, 
November 4 , 1933. Postmortem examination showed partial healing of 
lung abscesses at apex of left lower lobe and dense fibrous scarring of both 
bases, with moderate cylindrical bronchiectasis traversing the scarred areas. 

A Case of Progressive Uncomplicated Tuberculosis of Adult Txjpe. In the 
last row of Plate I are shown diagrams from films of a boy, white, born 
March 27, 1912. These show uninterrupted progression of a tuberculous 
lesion with no lesion in Area 5 (see Figs. 30, 31 and 32 of Ref. 2). This 
boy’s father died of pulmonary tuberculosis; his brother had a tracheo- 
bronchial calcification. Serial films showed that his lesions originated in 
and descended from the extreme apex. In June, 1924 (Plate I, Fig. 9), 
there was "soft” mottling down to the fourth posterior interspace, right and 
left, and a calcified hilum lymph node at the eighth rib, right. The tuber- 
cuhn reaction was -{--t--l- to 0.01 mg. O.T. The weight was 106%. There 
were no symptoms and only transitory signs; a few rMes were heard at 
one examination only. 

The boy did not receive rest adequate to the increasing Roentgen ray 
density, probably because he looked very well, had good color and remained 
above normal weight, ivith steady growth and splendid physique. By 
March, 1928, sputum had become positive and the lesion far advanced, with 
consolidation and excavation. To continue with the serial review of the 
case; 

On December 30, 1926 (Plate I, Fig. 10), the infiltration on the right 
above the clavicle was denser and there was a patch at the fifth rib at the 
axillary line posteriorly, and a calcified node at the seventh posterior rib and 
interspace. On the left there was moderately dense infiltration above the 
posterior fifth rib. Physical signs reported absent. The tuberculin reac- 
tion was -b-l- to 0.01 mg. O.T., the temperature normal and the weight 
103%. Animal inoculations of throat swabs and feces were both negative. 
The general condition of the patient was apparently excellent, and the 
report of spread seen roentgenographically was not used to guide the 
treatment. 

The patient was in a hospital, but ambulant, from August, 1926, to 
August, 1927. He was discharged as well enough for school, still ha\dng 
no symptoms and only trmal signs, but with Roentgen ray e\’idence of 
increased density in both apices with a small cavity on the right. Against 
our ad^^ce he went to school until Februar}% 1928, when he came to the 
dispensarj'^ with slight cough of 2 weeks’ duration. His sputum was posi- 
tive. _ Impairment was heard over both apices, with a few fine rales over 
the right. He said he felt well; his weight was 101%. 

In this case there is shown tjqjical progression of an uncomplicated 
tuberculous infiltration to far-advanced extent. There was no infiltration 
in ^4rea 5 until the tuberculous lesion was even farther entrenched than it 
appears in Fig. 12 (Plate I). In September, 1928, a small densitj’’ occurred 
in the upper part of Area 5. It was tri\dal in relation to the extensive 
damage of both lungs, each of which showed sufficient tuberculous invasion 
to warrant a classification of far-advanced tuberculosis. The bov died, 
October 31, 1929. 
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Two Cases of Associated Tuberculous and Non4uberculws Pulmonary 
Lesions. Hate 11 illustrates diagrammatically these associated 
a cirl, -white, aged 18 years and 5 months, on June 20, 1933 (Fig. 1), when 
Roentgen ray examination showed, on the right, a few medium-sized 
ill-demarcated spots in the upper third, a few linear spots m the cardio- 
phrenic angle (Area 5). On the left, at the posterior third and fourth 
interspaces there was a cavity, 3.5 cm. in size, surrounded by dense inhltra- 
tion that descended as scattered and grouped large and medium-sized 
dense flocculent spots through the upper three-quarters of the lung held, 
chiefly mesial; in the lower quarter left there were Imear spots upon the 
cardiac border. By August 14, 1933, after 6 weeks' hospitalization, the 
ca\dty had decreased in diameter, receding from the axilla mesially in a 
somewhat eccentric contraction, as is seen commonly -with apical cavities 
associated with Area 5 infiltrations. The infiltration elsewhere in the upper 
three-quarters had decreased, that in the lower quarter had increased defi- 
nitely, so that it now completely obscured the left cardiac border and 
spread out upon the diaphragm, causing a marked broadening in the 
apparent iindth of the heart shadow, especially where this passed oyer into 
the silhouette of the diaphragm. Instead of the acute cardiophrenic angle 
of June, there was a definitely obtuse angle, and the cardiac silliouette 
could be faintly perceived through the dense confluent linear spots that 
obscured the left border of the heart. 

The patient continued ambulant and toward the end of the year began 
to work. The cavity had retrogressed further -by November, continuing 
its eccentric contraction toward its mesial wall, and the infiltration else- 
where had like-wise retrogressed, except that in Area 5 upon the cardiac 
silhouette and the adjacent diaphragm, which continued to increase slightly 
but definitely. This density upon the heart persisted into March, 1935, 
while the infiltration in the upper three-quarters continued to recede. In 
the last observation there were only a few dense spots in the upper tliree- 
quarters of the lung field. These were scattered except mesially, where 
they formed a light network. 

Noteworthy in this case is the uninterrupted retrogression of the ca-vity 
after the patient got out of bed, at a rate not less while she -was ambulant 
than when she was at rest. The only other consideration in the history 
is a tonsillectomy under local anesthesia in October, 1933. The films of 
June, August, November, 1933, and January, 1934, indicate that the 
operation had no relation to the rate of retrogression of the ca-vity and 
associated tuberculous infiltration. 

Plate III shows diagrams of a girl, colored, aged 10 years, on November 2, 
1929 (Fig. 1). At this time there was almost homogeneous infiltration in 
the left upper third and enlargement of associated nodes. In March, 1930, 
a small infiltration appeared on the right in Area 5. There was slight 
retrogression of the left upper third consolidation, but a cavity, 1.6 cm. in 
diameter, could now be perceived at the posterior fifth rib and interspace. 
The infiltration right and left fluctuated in extent until January, 1931 
when there was a marked increase of infiltration throughout the left lung’ 
extending to the diaphragm and wholly obscuring the left cardiac silhouette 
yi and in both the right and left oblique -views (Plate 

ill, I'lgs. 4, o and 6) . The patient liad some rest at home and was hospital- 
ized for 10 months, to Januarj'-, 1932, -aith no additional rest. By 

’reexamination showed a marked recession of the 
infiltration throughout. The apical tuberculous lesion was represented 
bj a few scattered hnear spots, but there were persisting grouped spots 
upon, behind and lateral to the cardiac silhouette, that is, in AtA 5. The 

avk enlarged. The electrocardiogram showed a left 

axis denation, and there were physical signs of mitral insufficiency. By 
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April, 1935, the cardiac shadow had diminished slightly but was still defi- 
nitely enlarged. In May, 1935, the patient returned with a recurrence of 
infiltration surrounding the cardiac apex (Area 5), a relapse of her non- 
tuberculous bronchopneumonia. The left apical tuberculous lesion was 
represented only b 3 " calcified spots and a few dense strands. It was appar- 
ently healed, in association with an unstable fluctuating or recurrent non- 
tuberculops bronchopneumonia. 

Discussion. It is obvious that the conception of mutually 
opposed activity illustrated in the case histories shown in diagrams 
in Plates II and III, could not be based upon a few cases only, 
however striking they might be, but, as intimated above, has grown 
from detailed study for many years of a large series of cases. The 
2 patients chosen for illustration are young women, one of them 
colored; age, race, sex, inadequacy of treatment were all unfavor- 
able for the arrest of tuberculosis. Similar observations have been 
repeatedly made in patients of all ages, both sexes, white and negro, 
when serial films have been spaced closely enough to obtain exact 
information as to the distribution and intensity of lesions through- 
out the lung. These cases will be reported in detail as rapidly as 
possible. 

A disadvantage of tuberculosis work, that it is not always possible 
to carry out adequate treatment, may be an advantage to the clinical 
investigator who takes the opportunity to follow the results of 
various treatments, and to observe the natural evolution of the 
disease. When there is a marked lesion in Area 5 it has been not 
uncommon to find patients suffering from malaise, cough, expectora- 
tion, in short the classical evidences of pulmonary tuberculosis, 
gradually show an improvement in strength and a decrease in 
symptoms while continuing ambulant and at work. The clinical 
improvement is accompanied by a retrogression of the apical density 
and a contraction of its cavities, wdiile the basal density diminishes 
slightljq persists unchanged, or may even increase. Retrogression 
of the apical density maj”- be extremelj^ rapid, and uninterrupted 
or fluctuating concentric diminution of cavities may be seen in 
serial films occurring within a matter of weeks.* In brief, when 
there is a severe lesion in Area 6 an extensive and excavated apical 
lesion witli positive sputum ma,y retrogress to scarring and negative 
sputum in an ambulant patient in a manner excelling what would 
be expected wdth artificial pneumothorax or absolute rest in bed.' 

In closely spaced serial films made from many angles it has been 
frequentK’ observed that increase of a basal lesion is shortl.v fol- 
lowed by diminution of the apical density with contraction of its 
cavities. In some cases of tuberculosis of short duration, a marked 
increase in an Area 5 lesion has been followed b.y complete scarring 
of an extensive, excavated tuberculous lesion. In cases of relapsing 

* Healing in tubcrcxilosis may occur uniformly throughout the lungs, and this 
appears to be the rule -when there is a lesion in Area 5. In other cases that recover, 
healing is usually irregular, often •ndth retrogression in one patch and simultaneous 
increase in another, perhaps closely adjacent area of the lung. 
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tuberculosis, on the other hand, retrogression of an associated 
Area 5 lesion has been observed until it is represented only by a 
few sharp strands, or fine unclouded diaphragmatic peaks, hollow- 
ing the basal retrogression the apical lesion increases. In the 
absence of adequate treatment, the future course of the lesion 
has appeared to have a relation to subsequent exacerbation of the 
lesion in Area 5, and to the extent, se^ferity and permanence of this 
exacerbation. After the arrest' of an apical lesion, cough and 
expectoration, consistently negative for tubercle bacilli, may persist 
for many years, and may cause disability as severe as the tubercu- 
losis. As pointed out elsewhere, such cases are often mistakenly 
diagnosed "benign tuberculosis of middle age.’'^'i‘’-^^’^- 
Many factors play a part in the ebb and flow of the processes 
involved in tuberculosis. It is axiomatic, and a justification for 
research, that we have only an imperfect knowledge of the balance 
of factors that occurs when tuberculosis is arrested in the natural 
course of the disease or, indeed, when aided by rest. It is evident 
that the observations reported here could not be made by the 
methods of pathology, bacteriology, or other laboratory study, or 
by the usual clinical examination, but only by a method permitting 
exact exploration of the chests of the living. The criteria of roent- 
genographic. examination, described fully elsewhere,- are based on 
earlier studies of excised lungs.*-'® The writer’s interpretation of 
the observations is that the lesions in the cardiophrenic angle are 
non-tuberculous, in whole or in part, that their exacerbations are 
characteristically accompanied or followed by retrogression of asso- 
ciated tuberculous lesions elsewhere in the lung field, and that in 
the series of cases studied this interrelationship has been a signifi- 
cant factor in “the natural tendency of the disease to retrogress.” 
It is obviously impossible to measure or define exactly all the 
factors that may be concerned-. It has long been well established 
that under experimental conditions a relative resistance against 
reinfection may be conferred by a previous infection with tubercle 
bacilli, but in general our conceptions of all that is implied in 
tuberculosis by the terras immunity, allergy, sensitization, are incom- 
plete and confused, especially as applied to the complexity of natural 
conditions. The observations described above cannot be readily 
exifiained in the terms of immunology, but they appear to have a 
bearing on the wide problem of the resistance of the host to tuber- 
culosis. It is hoped that other studies now in progress will throw 
further light on this phenomenon. ’ 

Summary. In serial Roentgen ray films it has been found that 
even in children, in whom tuberculous lesions characteristically do 
®'^*siBate in the upper third of the lung field, there is a sharp 
diiierence in distribution of the lesion between tuljerculosis, on the 
one hand, and chronic non-tuberculous bronchopneumonia and 
bronchiectasis, on the other. Tuberculous lesions of childhood 
ti-jncalli are situated in the middle third; those that are severe 
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and excavated are usually based on the posterior chest wall, the 
slighter ones on the anterior chest wall. Chronic non-tuberculous 
bronchopneumonia at all ages almost invariably originates and has 
its maximiun severity in the cardiophrenic angle, whence during 
exacerbations it spreads along the diaphragmatic contour. Such 
lesions are associated with persistently negative sputum and, in 
children, with tuberculin relictions consistently negative for years. 

In a comprehensive series of cases, sputum-positive lesions, of 
both childhood and adult types, that have become sputum-negative 
with little or no treatment have been observed in closely spaced 
multangular views. In such cases, tuberculous lesions in association 
with active and persistent cardiophrenic lesions have retrogressed 
rapidly, mth contraction of cavities and disappearance of tubercle 
bacilli from the sputum. With complete arreBt of the tuberculous 
lesion, the cardiophrenic lesion may fluctuate for years, with per- 
sistently negative sputum. On the other hand, in many clinic cases 
relapse of tuberculosis has followed healing of a lesion in the cardio- 
phrenic angle, during the acute stage of which the apical or child- 
hood type lesion had retrogressed. Lesions that according to the 
accepted classification are far advanced because the greater part 
of the lung is involved, including the. cardiophrenic angle, have had 
a more favorable course than lesions of lesser extent and severity 
confined to the upper two-thirds of the lung fields, or invading the 
cardiophrenic angle onlj' in terminal stages. 

Acknowledgment is made to Miss Eleanor S. Cooper for assistance in the prepa- 
ration of this paper. 
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ELECTROCAEDIOGRAPHIC CHANGES DURING ENCEPHALOG 

RAPHY (20 CASES). 

By Milton M. Abeles, M.D., 

resident neurologist, montbfiobe hospital, 

1 AND 

Daniel E. Schneider, M.D., 

eesident nbukologist, mount binai hospital, new tobh city. 

(From the Neurologic Services of Dr. S. P. Goodhart of Montefiore Hospital and 
IDr. I. Strauss of the Mount Sinai Hospital.) 

Clinically’, pulse changes and other signs of vagus effects such 
as vomiting, pallor, sweating and variations m blood pressure have 
often been noted, during the injection of air in encephalography. 
In addition, there may be usually a slight rise in temperature, 
meningeal signs, headache and, during the passage of air upward, 
pain along the nerve roots. 

The pulse changes have been described by various authors. In 
a typical description by Krause,^ he points out that the pulse 
becomes slower, arrhythmic, small and weak and that pulse as well 
as accompanying respiratory changes for the most part soon dis- 
appear. Fay^ states that the slowing of the pulse to 60 beats per 
minute is not uncommon. A number of observers have reported an 
initial acceleration of the pulse rate. Juzelevsky® describes a case 
in which the patient’s pulse could not be felt and the patient ap- 
peared to he on the verge of collapse. In almost every case of en- 
cephalography, however, there are minor signs of shock probably 
due to vagus stimulation. 

Since we were unable to find in the literature any but clinical 
observations of the pulse changes, it seemed probable that simul- 
taneous electrocardiography would yield further valuable informa- 
tion. 

t 

Technique. The patients were prepared by omitting lunch and gi’ving 
a hjqiodermic injection of Magendie’s Solution m. wi and Hyoscine gr. 1/150, 
from 1 to J hour before beginning the procedure. The patients were all in 
the sitting position in the encephalographic chair. Entry into the sub- 
arachnoid space was made via the lumbar route. At the same time the 
limbs were prepared for electrocardiography and a control electrocardio- 
gram taken. In 3 cases, a record was taken cv&vj 10 minutes from the 
outset, at the first injection of air. In the remaining cases, tracings were 
obtained during the period when the pulse began to decrease in rate, and 
at intervals when the changes in pulse indicated that the more accurate 
record was necessary. The technical facilities at our disposal were such 
that continuous records were not feasible. Blood pressure w'as observed 
but not correlated with .simultaneous electrocardiograms. Our readings, 
however, tended to confirm the already established facts, that the blood 
pr^ure nses dunng the injection of air and then gradually falls to normal 
untluii S to 36 hours.'* Pulse rates were noted in each case at 1.5-minute to 
30-niinutc inten’als for as long as the pulse remained below 60 after the 
injection of air was discontinued. This, of course, varied vnth the indiiddual 
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Results. The results ^vere■ compiled in the accompanying table. 





Fig. 1.— Case 2. Lead 2 shows low voltage and bradycardia, and Lead 3 a sinus 

arrhythmia in addition. 

This and the following records were taken during encephalography. 



Fig. 3. — Case 11. Sinus bradycardia with Rs and Ti lower in Lead 3. 








Fig. 5.— Case 1.3. Lead 1 shows sinus arrhythmia: Lead 2, bradycardia; and 
Lead 3, notching, Fj inverted and notching with widening of Q-R~S complex low 
voltage. 



Fig. 6.— Case 14. A, Sinus tachycardia; B, phasic sinus depression. 



Fig. 7. — Case 20. Auricular fibrillation. 



electrocardiographic changes 
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To summarize the results listed in the table it may be pointed out 
that the most frequent electrocardiographic change was that con- 
sequent- upon stimulation of the pacemaker, e., m cases. _ UI 
these, at one or another time during the procedure, 7 showed^ sinus 
arrhythmia, 5 showed sinus bradycardia, 2 phasic sinus slowing, 6 
sinus tachycardia, and 2 showed a combination of these changes. 
The next most frequent variations was that consequent upon migra- 
tion of the pacemaker. Of these, one showed auricular fibrillation 
(though impure flutter was seriously considered), two showed 
migration of the pacemaker between the S-A and. ri.-P nodes. 
Next in frequency were changes indicative of dominance of the 
ri.-F-node or lower ventricular foci. Of these, there were 3 cases 
of transitory nodal rhythm and 1 case of ventricular extrasystole. 
Five cases showed no appreciable change. In 6 cases the brady- 
cardia lasted for 6 hours and then gradually returned to normal. 

From these records, the conclusion may be drawn that the major- 
ity of the changes are to be attributed to excessive vagus stimula- 
tion. This is correlated with the other clinical manifestations of 
vagus origin. In the 1 case in which auricular fibrillation occurred, 
this change appeared immediately coincident with the first with- 
drawal of 15 cc. of spinal fluid, before any air had been injected. 
What the mechanism in this instance was, we are unable to say. 
It may have been due to a sudden change in intracranial pressure. 

In view of these changes, it is interesting to consider whether 
or not, interference with the conduction mechanism of the heart 
might possibly be a factor in encephalography death, especially 
in those cases where the difference between the amount of fluid 
removed and air injected is very small and theoretically too little 
to accommodate air-expansion or air-irritation. The following case 
of encephalography death is of interest in this connection. 


Case Abstract. A man, aged 55, was admitted to the Mount Sinai 
Hospital on September 29, 1928, with the complaint of weakness in the left 
upper and lower extremities of 6 months' duration, together ndth failing 
wsion and personality changes. 

Examimlion. Showed apathy, mental torpor, pyramidal tract signs 
and ^veakness on the left side, coarse tremor of fingers of the right hand, 
and bilateral papilledema and hemorrhages. The blood pressure was 140/85. 
Laboratoty findings were negative. The clinical diagnosis was neoplasm 
of the right cerebral hemisphere, post-Rolandic in location. Cardiac rate 
and rhythm normal. Heart sound of poor quality. 

Cain'.«e. On October 5, 1928, at 3.00 p.m., encephalography was per- 
fomed; 100 cc. of fluid was removed and 100 cc. of air was injected. The 
patient became ashen and cyanotic. At 6.10 vm. the pulse was 40. Hands 
cold. At 11.00 P.M., the patient was in complete coma, breathing stertor- 
ously and moribund. The impression clinically at that time was question- 
.ably that of hemorrhage mto a neoplasm. The next day at 8.20 A.:a. 
the temperature mounted to 107 and the pulse was imperceptible. The 
patient died lo minutes later, approximately 111 hours after encephalo- 
graphy. The left cerebral ventricular system had been well wsualized, 
was displaced to the left and was moderately dilated. The third ventricle 
was ^^suallzed and displaced a distanceof -J inch. No autopsy was obtained. 
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Inasmuch as anatomic verification of the brain’s condition was 
not possible, it cannot be stated with certainty that there was not 
a hemorrhage into a neoplasm. However, the lapsing into coma 
8 hours after encephalography together with the profound brady- 
cardia and obvious car^ac death makes it necessary to consider 
the possibility of excessive vagus stimulation in a patient in the 
sixth decade of life and whose heart sounds were recorded as weak. 

Summary. Twenty cases of simultaneous encephalography and 
electrocardiography are presented with a study of the changes in 
the cardiac conduction mechanism. The most common changes are 
those consequent upon stimulation of the pacemaker through the 
vagus: sinus arrhythmia, sinus bradycardia, phasic sinus slovnng, 
sinus tachycardia, migration of the pacemaker between the )S-.4 
and A-V nodes, transitory nodal rhythm. In 1 case ventricular 
extrasystole was observed and in another auricular fibrillation. 
In 1 fatal case following encephalography the death was probably 
cardiac and followed the excessive injection of air with subsequent 
bradycardia and collapse at that period when most cases begin to 
show a return to normal rate. The findings are correlated with 
other clinical manifestations of vagus stimulation. 

We ■nish to express our gratitude to Dr. I. Roth of the Mt. Sinai Hospital, and Dr. 
S. P. Schwartz of Montefiore Hospital for ‘their generous cooperation in the reading 
of the records. 
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FURTHER STUDIES IN CALCIUM AND PARATHYROID THERAPY 
IN CHRONIC ULCERATIVE COLITIS. 

By Benjamin Haskell, M.D., 

ASSISTA^■T IN PROCTOLOGT, JEFFERSON MEDICAL COLLEGE HOSPITAL, 

AND 

Abrah.ym C.antarow, M.D., 

ASSOCWTE IX MEDICIXE, JEFEEHSOX MEDIC.VE COLtiEGB, PHILADELPHIA. 

(From the Proctologic Department of Surgical Division A and the Department of 
Medicine, Jefferson Medical College Hospital.) 


In 1931 we reported' the results of calcium and parathyroid 
therapy and certain observations regarding the diffusibility of 
serum calcium in a series of 13 patients with chronic ulcerative 



STUDIES IN CALCIUM ^VND PAKATHYROID THERAPY ^ * 

colitis The rationale of this form of therapy was believed to rest 
upon the beneficial effect of calcium on the following existing con- 
ditions: a. Nutritional change in the tissues, with or without a 
disturbance of calcium partition; h, spasticity of the colon; c hemor- 
rhage. Eleven of the 13 patients became clinically well in from 4 to 
8 weeks and, at the time of the previous report, 10 of these had been 
observed over a period of from 1 to years. The mucosa of the 
lower bowel had resumed a normal appearance in 8, and in 2 symp- 
toms had returned for a short period of time. 

In view of the chronic nature of this condition and its marked 
tendency toward spontaneous remission and relapse, the efficacj’ of 
any form of therapy can be properly evaluated only after a pro- 
longed period of observation of individual cases. We have been 
able to study 8 of the original series of patients over a period of 4 to 
6 years and have apphed the same therapeutic procedure in 16 
additional cases, observed over periods varying from 6 months to 
4 years. 

Method o£ Treatment. The plan of treatment is essentially the same 
as that described in the prewous report and includes: (1) a cellulose-free, 
non-irritating diet; (2) such drugs as belladonna and kaolin; (3) calcium 
gluconate and parathinoid extract. As was previously emphasized, calcium 
is best absorbed when the intestinal alkalinity is lowest, and must therefore 
be' administered when upper intestinal digestive activity is at a minimum, 
i. e., a short time before meals. 'We believe that neglect of this very impor- 
tant consideration is responsible for many unsatisfactory responses to this 
form of therapy. Calcium gluconate is administered in doses of 60 grains, 
3 to 4 times daily, 3^- to 4 hours after meals. Patients are cautioned to 
avoid eating between meals. Paratlpuoid extract (parathormone) is in-‘ 
iected intramuscularly, the average adult dose being 20 units. The injec- 
tions are repeated at intervals of 48 to 72 hours, depending upon the severity 
of the sjTnptoms. 

Clinical Observations. Table 1 contains, in summary form, the 
pertinent observations made upon the first series of 13 patients, 
as reported in 1931, and their clinical condition at that time. Ten 
of the 13 were under observation at the time of the previous report. 
The subsequent course of these patients is summarized in Table 2. 
Two have died, 1 of pneumonia (C. T.) and 1 of carcinoma of the 
descending colon (J. H.); 2 were followed for an additional 2 years 
but have not been seen for the past 2 years; 6 are still under observa- 
tion. Eight patients, therefore, have been observed for 2 to 6 
years. Of this group, 5 have remained symptom-free for 2 to G 
years; (2, 2 years; 1, 3 years; 2, 6 years) ; 2 patients (.J. E.B. and S.B.) 
have had remissions of relatively sliort duration at almost yearly 
uitovals; in 1 case (R. S.) the disease has continued to progress. 

The tendency to recurrence is a recognized feature of chronic 
ulceratue colitis, and it is difficult to determine when, if ever 
recovery is complete. iVlthough there may be freedom from all 
subjective and objective manifestations and a normal appearance 



Table 1.— Summary op Data Presented in 1931. 
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of the mucous membrane upon sigmoidoscopic examination, remis- 
sions sometimes occur after a lapse of years, at times apparently 
induced by a severe upper respiratory infection or other illness. 
Two remissions, each of about 2 months’ duration, occurred m 1 
patient (J. E. B.) while another (S. B.) had several remissions ot 3 to 
4 weeks’ duration at almost yearly intervals; m both cases_ the 
response to treatment was comparatively prompt and entirely 
satisfactory. 


Table 2.— Follow-ep Data in 10 Gabes Pbevioubly Repokted as Summabizeb 

IN Table 1. 


Patient. 

Period 

obser- 

vation. 

Relapse. 

Response in 
relapse. 

present 

mucosal 

appearance. 

Present 

condition. 

J. E. B. 

6 yrs. 

10- 1-32 (2 mo.) 

11- 1-31 (2 mo.) 

Slow but complete 

Slight congestion 

Symptom-free 18 
months. 

gn 

3 .yrs. 




Remained well 3 years; 
death — pneumonia. 

B.O.G. 

6 yrs. 

10-1-31 

Prompt 

Atrophic changes 

Well; gaineddO pounds 




1 

Normal 

Not seen for 1 year. 

E, d’A. 1 

6 yrs. 1 

t None 1 


Moderate conges- 
tion 

Irritable colon, no ul- 
ceration or bleeding. 

S. B. 

6 yre. 

Yearly, early 
winter (2-4 
wks.) 

Prompt 

Glazed pale 

Irregular bowel func- 
tion; occasional fre- 
quency. 

J. H. 

2 yrs. 

8 mos. after dis- 
charge 



Death — polyposis, car- 
cinoma of colon. 

F. S. 




Slight congestion 

Frequent mucus, oth- 
erwise well. 

I. K. 

2 yrs. 




Remainedwell2 years, 
not seen since. 

R. S. 

5 yrs. 

rrogressively 

worse 

IleostomyOctober, 
19 32 no improve- 
ment 

, Progressive rectal 
stenosis and 
bleeding 

Unimproved nephritis 
and anemia. 


With the exception of Case R. S. (Table 1) the general condition 
of the patients in this group has been good, both weight and blood 
count having returned to normal. Some irregularity of bowel 
function persists in 2 instances (E. d’A. and S. B.). The former has 
had attacks of frequency of bowel movement lasting 1 to 3, days, 
while the latter passes an excessive quantity of mucus. In these 
patients, -the mucous membrane of the bowel has appeared either 
slightly congested or pale and glazed. Similar changes -were present 
in the bowel in 3 other cases without sjTnptoms and no definite 
relationship could be demonstrated betiveen the condition of the 
bowel mucosa and the symptoms exhibited by those -patients with 
mild disturbances of bowel function. The bowel resumed an abso- 
lutely normal appearance in only 1 patient, who was, however, 
under observation for a shorter time than the remainder of this 
group. In Case R. S., a well-functioning ileostomy resulted in no 
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improvement in the condition of the colon, Roentgen ray showing 
extension of the ulcerative process into the ascending colon 1 year 
after operation. The mucous membrane of the rectum and sigmoid 
remained extensively ulcerated and friable, with frequent bloody 
and purulent discharge, and the patient has presented evidence of 
a progressively advancing nephritis during the past 2 years. 

Observations have been made upon 16 additional patients over a 
period of from 6 months to 4 years. The pertinent data are pre- 
sented in Table 3. The age incidence, which varied from 14 to 40 
years, was as usual for this disease. The average duration of symp-. 
toms was 14 months. All presented fairly characteristic changes in 
the bowel mucosa. Proctoscopic material failed to reveal E. histo- 
lytica or other specific organisms, including that reported by Bargen. 
The period of calcium and parathyroid therapy averaged 7 weeks 
(3 weeks to 3| months). 

Eight of the 16 patients became entirely symptom-free nnthin 
3 to 12 weeks. Of these 8, 4 had short remissions (2 to 4 weeks) 
which responded promptly to treatment and all have been well for 

6 months to 2 years, the bowel hamng resumed a practically normal 
appearance upon sigmoidoscopic examination. Of the 16 patients 

7 were relieved of their severe symptoms and were restored to fairly 
good health, with a return of weight and blood count to normal, 
but with some degree of persistent disturbance of bowel function. 
Of the 7, 4 suffer with occasional abdominal distress, excessive 
flatulence and either constipation or increased frequency of bowel 
movement; they show no eridence of ulceration or bleeding but 
the mucosa remains somewhat edematous and congested. The 
other 3 have had persistent frequency of bowel movement, with 
semiformed stools, but their general condition has been quite 
satisfactory. Two of these patients were 14 years of age, and in both 
the condition was more resistant to treatment than in the other 
indhffduals in tins series. The period of calcium therapy was also 
longer than in the case of the adults, l^^len first seen, bowel 
symptoms were severe and both were markedly underweight, with 
a marked secondary anemia. Blood transfusions and other general 
measures were employed and, except for the increased frequency of 
stool, their condition is good at the present time. 

One patient failed to respond satisfactoril}’’ to treatment (Case 14, 
L. J.). Bleeding invariably recurred after periods of .subsidence of 
2 to 3 weeks, and no appreciable improvement followed the insti- 
tution of other forms of treatment. This patient, who had preAUously 
been in apparently good health, began to sulfer from marked fre- 
quency of bowel movement following two severe emotional shocks 
in rapid succession. Bleeding was fir.st noted 2 months later, and 
when fir.st seen extensive superficial ulceration was present. The 
distressing emotional factors continued to operate and it seemed 
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that no definite improvement nmuld occur in this case until these 
factors could be removed. 

Tabi^e 3.— SxWMAey o f Data in New Cases. , 

1 Duration! Period Present pn-jwrnn rince 

Previous calcium ofobser- mucosal 

Patient. Age. Duration SpeciaUeatures. treatment. Uea^ vation. appcm- treatment. 

2 imos.U7I’ Conges- 

* fiecondary anemia aietetic : ^ — 

: m oi vrs Normal 1 remission (1 mo.), 

2 K C. 25 2yrs. Postpartum anemia General 1““'- '1 ' gymptom-free 12 

' ' leukopenia . moa. 

I I I (2)4mo.] ^1 ^ 

Occasional frequency. 





8wk3 Cmos. Edema- Symptom-free, blood 
tons count near normal. 




2-3 aennformed stools 
daily, occasional 
blood, weigbt nor- 
mal, condition good. 


Occasional ' pain and 
soft stools, no bleed- 
ing. ■ 


Marked- anemia, \ 
vomiting I 

Dietetic 

transfu- 

sion 

3-10 stools, slight' 
bleeding 

Bargcn 

senuDy 

vaccine, 

dietetic 

Marked anenua, 

1 constipation 

None 


6mos. Marked frequency General 
anemia' 


12. R. B. 39 18 mos. Marked bleeding Dietetic, 

local 



Postpartum 

Anti-di- 

arrhea 

mixtures 

Long constipation 
daily laxatives fol- 
lowed emotional 
j upset 

Dietetic, 

medici- 

nal 



Recurrence after 4 
m'os. Treated 4 
wks., symptom-free 
lyr. 


Congested 1 remission (2 tvks.). 
granular Occasional symptom 
of irritable colon. 


ThjToid- 

ectoroy, 

dietetic 


16. D.C. 26 3 mos. Appendectomy 2 Dietetic, 

mos. after onset, medici- 
condition worse nal 


3 mos. 10 mos. Granular Periodic partial im- 
congested provement, seldom 
few ulcers! symptom-free. 


Frequent constipation 
glazed , and flatulence. 



10 wks. 20 mos. Congested 1 relapse (3 wks.) fol- 
lowing acute respira- 
tory infection. 
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Discussion. From a clinicarstandpoint, the favorable therapeutic 
response to calcium and parathyroid administration noted in the 
great majority of the cases included in the present report was 
characterized by rather prompt improvement in two outstanding 
features of the disease, namely, bleeding from the bowel and colonic 
spasm and hj’perirritability. Cessation of bleeding, which was in 
most instances the earliest and most constant indication of improve- 
ment following the institution of this form of therapy, is, in our 
opinion, an important factor in bringing about healing of the ulcers. 
Of perhaps equal importance is the apparently beneficial influence 
of calcium therapy upon colonic hyperirritability which, with 
the associated spastic condition of the bowel, must inevitably inter- 
fere with healing. Marked reduction in pain and in frequency of 
stool was noted in several cases in which full doses of belladonna 
had been ineffectual. It is naturally impossible to state whether 
healing of the ulcerated areas is predominantly the cause or the 
effect of the diminished irritability and bleeding. It may be, as 
suggested in our first report,^ that calcium favors the healing process 
directly, by improving the nutrition of the inflamed and edematous 
bowel wall. 

Although the response to treatment was usually prompt in the 
majority of cases in which favorable results were obtained, definite 
improvement began in several patients only after parathyroid and 
calcium therapy had been continued for periods of 4 to 6 weeks, and 
an adequate response was obtained in 3 patients only after 3 months 
of continuous treatment. In no instance was any untoward effect 
observed. It is interesting to note that the response to treatment 
during relapse in individual cases was almost invariably identical 
with that observed at the primary institution of treatment. So 
far as could be determined, those cases in which improvement was 
prompt and marked differed in no essential respect, either clinically 
or in the appearance of the bowel, from those which showed no 
improvement. 

Conclusions. 1, Nine patients vnth chronic ulcerative colitis 
have been observed for periods of 2 to 6 years after their original 
course of calcium and parathyroid therapy. Five have remained 
essentially symptom-free; brief remissions occurred in 2 instances 
which, however, responded promptly to the same form of treatment. 
One patient wth nepliritis and anemia is unimproved and 1 died 
of pneumonia after remaining well for 3 years. 

2, Sixteen additional cases have been treated similarly and have 
been observed for periods of 6 months to 4 years. Eight became 
clinically well, 7 were relieved of their severe symptoms and were 
restored to fairly normal health, vith some e^^dence of persisting 
colonic irritability, and 1 patient was not benefited. 

3. Although the response to treatment is usually prompt, definite 
improvement occurred in 3 cases only after 3 months of continuous 
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calcium and parathyroid administration. Cessation of bleeding 
is the earliest and most constant indication of improvement in the 

maiority of cases. . , . i 

4. The rationale of calcium therapy in chronic ulcerative colitis 

is believed to rest upon the favorable influence of calciutn upon the 
following existing conditions: a, Nutritional change in the tissues, 
with or without a disturbance of calcium partition; &, spasticity and 
hyperirritability of the colon; c, slow, capillary bleeding. 

The calcium gluconate used was supplied through the courtesy of the Sandoz 
Chemical Company. 
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DIABETIC COMA WITH EXTREME HYPERGLYCEMIA. 

By Edward S. Dillon, M.D., 

CHIEF, METABOLIC DIVISION, PHILADELPHIA GENERAL HOSPITAL; ASSISTANT PROFESSOR 
OF DISEASES OP METABOLISM, GRADHATB SCHOOL OF MEDICINE, 

UNIVERSITY OP PENNSYLVANIA, 

AND 

W. Wallace Dyer, M.D., 

ASSISTANT CHIEF, JIETABOLIC DIVISION, PHILADELPHIA GENERAL HOSPITAL, 
PHILADELPHIA, PA. 

(From the Metabolic Department, Philadelphia General Hospital. ] 

Our interest in this subject was aroused by a recent patient 
whose blood sugar was 1850 mg. and who recovered. Recoverjr in 
cases of diabetic coma with extreme hyperglycemia is not common, 
but the literature does' contain a few reports. 

Marble, Root and 'VS'hite' reported that 10 cases had been encoun- 
tered at the George F. Baker Clinic with blood sugars of 1000 mg. 
or more, of which 6 recovered and 4 died. Curtis and Dixson^ 
previously reported 1 case of this group which had a blood sugar 
of 1620 mg. and recovered. Kehr and Kocher® reported a case 
with a blood sugar of 1028 mg.; Gray and Sansum,^ a case with a 
blood sugar of 1000 mg.; Shepardson and Anderson,® a case with a 
blood sugar of 1090 mg.; and Foster,® a case with a blood sugar of 
1260 mg. All of these cases recovered. 

Higher blood sugars have been reported in cases which died. 
Lawrence^ reported a case which he treated, in 1930, with a blood 
sugar of 2060 mg. 2 hours after 40 units of insulin had been given. 
Arg.y® reported a case with a blood sugar of 1710 mg. without 
acetone in the urine; and Pitfield® had a case with 1700 mg. 

We are presenting the records of 16 cases of diabetic coma in 
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which the blood sugar was 1000 mg. or more at admission to the 
wards of the Metabolic Department, Philadelphia General Hospital. 

Table 1.— Cases of Diabetic Coma in Which the Blood Sugah Was 1000 Mg. 

OR Above. 


Case. 

! 

1 

I Knme. 

1 

! 1 i 

Ai;e .Sex. Race 1 

Date. 

Admis- 

sion. 

Biood 

sugar 

COj, 

Urea 

N. 

Outcome. 

1 . 

1 

. ! T. J. 

40? M. 1 

B. 

11/23/25 

First 

1520 

21 


Died 3 hrs. ; autopsy. 

0 

, , M. M. 

5s ; F. ; 

W. 

4/ 2/26 

First 

1120 


45 

Recovered. 

3 ! 

. ’ T. M. 

27 M I 

W. 

1/12/27 

Fifth 

1484 

ii 


Died 8 hrs. 

4 . 

' e. T. 

50 1 F. 

B. 

7/19/2.S 

First 

1060 

s 

30 

Died 16 hrs.; autopsy. 

5 , 

. 1 H, H. 

30 ! F. i 

B. 

3/30/29 

First 

1080 

n 

21 

Recovered. 

6 

. G. JI. 

2S F. 

B. 

12/11/29 

First 

1030 

12 

50 

Died 25 hrs.; autopsy. 

7 

. 1 J. J. 

35 1 M. 

B. 

1/29/30 

First 

1500 

24 


Died 8 hrs. ; autopsy. 

s ; 

. ; H. H. 

, 31 ' F. 

B. 

5/14/30 

Second 

1056 

10 


Died 6 hrs.: autopsy. 

9 . 

. . c. r. 

, 46 1 F. 

B. 

6/12/31 

First 

1056 

IS 

55 

Recovered. 

10 . 

. i S. D. 

1 20 1 F. 

W. 

9/11/31 

Seven- 

teenth 

1000 

16 


Died at admission. 

11 . 

. ' t. J. 

' 53 ' F. 

B. 

6/10/34 

First 

1028 

12 


Died 2 hrs. : autopsy. 

12 . 

. ' U. H. 

, 54 F. 

B. 

10/ 5/31 , First 

1008 

22 

95 

Died 59 hrs.; autopsy. 

13 . 

. .M. S. 

40 F. 

W. 

10/ 9/34 

Si.xtb 

1000 1 7 

20 

Died 16 hrs. 

14 . 

. : N. D. 

. 21 F. 

B, 

12/23/34 

First 

1850 

13 

95 

Recovered. 

15 . 

. , F. C. 

1 39 , F. 

B. 

1/20/35 ; First 

1024 

15 

63 

Recovered. 

16 . 

. ; S. P. 

56 F. 

W. 

2/28/35 

First 

1470 

10 

42 

Died 2 hrs. ; autopsy. 


These cases occurred among 3461 admission to this department 
up to March 1, 1935. Three of these cases (Nos. 2, 5 and 9) have 
been reported previously by Haines and Davis. 

Of the 16 patients, 5 recoi'ered and 11 died; 13 were women and 
only 3 were men. There were no children. We were astonished 
to find that 11 were negroes. According to the 1930 census, negroes 
constituted 11.3% of the population of Philadelphia. Of all the 
patients admitted to the hospital, 28.5% are negroes, and of those 
admitted to the hletabolic Department, 20% are negroes. 

Of these cases, 12 were previously unknovm to this department. 
Cases 5 and 8 were the same individual. Three patients (Nos. 3, 
10, 13) were chronic offenders. Patient 10 was admitted to the 
department 17 times in 3 years, twice with a C02'of 6, 8 times with 
CO 2 of 11 to 20, 5 times with CO 2 of 21 to 27, and twice with a 
normal CO 2 . 

Patient 12 had severe gangrene of a foot and leg. A thigh 
amputation was performed 19 hours after admission, at which time 
the blood sugar was 520, CO 2 56, urea nitrogen 60. She died 40 
hours after the operation. 

Patient 16 had extensive gangrene of both feet. 

We are reporting Patient 14 in detail, because we have not seen 
in this clinic, nor have we been able to find in the literature, a similar 
case of liA'perglycemia with recoi'ery. 

Case Report, N. D., aged 21, colored female, was first admitted to the 
Philadelphia General Hospital, June 27, 1934, at which time she was 
delivered at term of a li™g female child. Four urine e.\'aminations were 
negative at this time for sugar. Because of a minor infection in the epjsi- 
otomy wound, the patient was not discharged until July 20, 1934, at which 
time she and the baby were in good condition. 
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TaBI,E 2.-DETAILS OP COUHSE AND TREATMENT OF CaSE 14. 


12/23/34 


12/24/34 


12/25/34 


c? 

E 

P 

Blood sugar. 

c3 

c; 

P 

6 

0 

C3 . 

‘^0 

0 . 
U/P 

0 . 

Sfe 

P 

Blood pressure. 

B 

t 

c 

1-1 

Saline. 

s 

to 

0 

m 

0 

u 

3 

u 

C£ 

0 

D 

w 

CS 

Acacia, gm. 

Cholesterol. 

1 Whole blood 

I chlorid. 

1 Blood sulphur. 


1850 

' 

95 

13 

16.8 

30/0 

280 

600 


160 

30 




7:00 P.M. 

1550 


13 

12,700 

82/30 

200 

2000 


120 


170 

430 



12S0 


IS 


70/30 

100 

500 



30 

• • 



12:00 P.M. 

896 


32 


74/30 

80 

2000 

90 

120 





3:00 A.M. 

720 


47 


76/40 


1500 







6:00 A.M. 

610 


48 

is.i 

84/42 









8:00 A.M. 

488 

79 

.56 

9,800 

86/34 

. . 

2660 

30 






10:00 A.M. 

544 


56 


88/68 

30 








12:30 P.M. 

360 


54 

i . . . 

90/64 

20 

250 

50 






7:00 P.M. 

268 


61 


90/64 









12:00 P.M, 

302 





3 








7 ;Q0 A.M. 

266 

33 

57 


. 









7:00 A.M. 

159 

1 

I 

1 











400 cc. 
Cath. 

90 CO. 
250 cc. 


500 cc. 
700 cc. 
750 cc. 
950 cc. 


* Diet; P., 60; F., 130; C., 140. Insulin: 10-0-0. Twenty-four-hour urine sugar, negative. 


Following discharge slie was well until December 9, 1934, when she 
became increasingly weak, until December 21, when she became delirious. 
She was admitted to tliis department, December'23. The patient was semir 
conscious and extremely restless; temperature 96° F. (rectal), pulse imper- 
ceptible, respirations 36. The respirations were not typically Kussmaul. 
The physical examination were essentially negative, except for soft eyeballs, 
inaudible heart sounds and blood pressure of 30 systolic and 0 diastolic. 

Blood studies at 4.30 p.m. showed blood sugar (Folin-Wu) 1850 mg. 
(checked), urea nitrogen 95_mg., CO 2 13 vol. %. The progress and treat- 
ment can be followed best in Table 2. Sixteen hours after admission the 
patient was completelj^ conscious and oriented. On December 25, 1934, 
the patient took a liquid diet of protein 60 grams, fat 130 grams and car- 
bohydrate 140 grams. 

Five days after admission her temperature rose and the left chest showed 
physical signs of lobar pneumonia. This was substantiated by roentgeno- 
gram. Her convalescence was slow, but uneventful, the temperature com- 
ing to normal on the 17th day. She was readily standardized on a diet of 
protein 60 grams, fat 130 grams, carbohydrate 140 grams and 10 units of 
insulin before breakfast. 

Of interest in this patient was the exceptionally high initial 
blood sugar and the profound state of ''medical shock” on admission. 
The response to treatment was rapid and continuous. 

A total of 660 units of insulin, 6500 cc. of normal saline solution, 
400 grains of sodium bicarbonate, 60 grams of acacia, 90 grams of 
glucose were given in 12 hours. 

The plasma cholesterol 2§ hours after admission was 170 mg., of 
' which 82 mg.^ (48%) was ester. The whole-blood chlorid, taken 
at the same time, was 430 mg. and the blood sulphur was 8 mg. 
Seven days later the plasma cholesterol was 112 mg., ester 43 mg. 
(3^4%), the sulphur 1.2 mg., and the ivhole-blood chlorid 520 mg. 
The Kahn reaction Avas negative. 

, All blood analyses during this coma Avere done by j\Ir. T. V 
Letonoff, Chief Chemist of tins clinic. 
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Summary. Sixteen cases of diabetic coma are reported which had 
blood sugars of 1000 mg. or above at admission to the hospital. 
One patient had a blood sugar of 1850 mg., the highest on record 
in which recovery occurred. 
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THE METABOLISM OF GALACTOSE.* 
m. THE Influence of Disturbed Endocrine function. 
By Allan Winter Rowe, Ph.D., 

niKECTOR OF RESEARCH, EVANS MEMORIAL, BOSTON, MASS, 

(From the Evans Memorial, Massachusetts Memorial Hospitals.) 


In a series of earlier papers,' the author and his associates liaA^e 
presented the results of iuA’-estigation on the influence of a A’-ariety 
of agencies upon the capacity of the human organism to utilize 
galactose, f That disturbed function of the several endocrine glands 
exercises a profound influence on carbohydrate metabolism has long 
been recognized. An extensive literature on the topic exists, and 
includes the description of numerous efforts to utilize this fact for 
the diagnosis of disorders of the ductless glands. Equally, it has 
been known that disturbances in sugar metabolism may arise from 
an even larger number of non-endocrine causes, and these, too, 
haA'e received due investigation and report. The determination 

* This and the following paper had been completely prepared for publication 
before Dr. Rowe’s death, in December, 1934. 

t An earlier survey of the present topic was accepted and held for publication by 
a journal which has since been discontinued. As interest in the metabolism of this 
sugar has been reccntlj- reawakened, the present material has been collated, incor- ^ 
porating certain of the newer ideas and drawing on a more extensive material. 
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of the so-called carbohydrate tolerance as evidence of disease con- 
stitutes a frequently advocated diagnostic procedure and one the 
validity of which is denied with equal frequency. The conditions 
of application of the test and the interpretation of results are almost 
as numerous as the articles describing them. One principal cause 
of conflicting reports is a seeming failure to recognize that the appli- 
cation of the test leads to the measurement of a single end result 
common to a wide variety of causes. Further, there may coexist 
in the single organism two or more agencies, each capable of influenc- 
ing sugar utilization, producing reinforcement or antagonism, and 
that the tolerance as measured is the algebraic sum of these several 
factors. The crucial experiments of Houssay^ and Barnes^ leave 
no doubt as to the validity of this fact so far as ductless glandular 
agencies are concerned; these and other factors will be considered 
in the body of this paper. Failure to make due allowance for the 
carbohydrate paradox (Allen"*) and the limitation of the quantita- 
tive significance of the blood-sugar curve are among the other factors 
which have produced completely contradictory interpretations. For 
the above and similar valid reasons, no review of the literature wdll 
be presented; citations as they occur are solely expository to the 
text, offering the interested reader access to additional detail. 

For purposes of this study, we have adopted the original Hof- 
meister^ technique, i. e., the use of a series of graded test meals 
with the production of a transitory galactosuria as the index of an 
exceeded limit of utilization. The method of application of. the 
test has been discussed at length in the earlier papers^ and need not 
be repeated here. 

. The cases utilized for this study had all received a comprehensive 
clinical and laboratory study during a period of not less than 
7 days’ hospitalization,® and the diagnoses were derived from the 
integration of all of these resulting evidences, each interpreted in 
terms of all other pertinent data. Efi'ort was made to ascertain 
all departures from the physical normal presented by the individual 
with a just recognition of the possible misleading influence of 
unrecognized superimposed effects. 

' The cases have been selected, so far as possible, to eliminate those 
complications which could and do independently influence carbo- 
hydrate metabolism. The results from such superimposed effects, 
in those few cases presenting them, and wdrich for a variety of 
reasons have been included in the series, will be discussed at the 
appropriate point in the text. 

A series of 1000 cases has been selected for this survey, comprising 
patients with the various tjqjes of disturbed function of the pituitarv 
and thjToid, supplemented by series of ovarian and pancreatic 
tailure, and a small group with hypofunction of the adrenals. The 
partition among the several etiologic entities is given in Table 1. 
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Table 1. — Composition or Group. 


Gland. 

Function level. 

Number. 

Pituitary .... 

. Hyperfunction (+) 

10 


Dysfunction ( =fc) 

300 


Hypofunction ( — ) 

160 

Thyroid ... 

. Hyperfunction (+) 

25 


Dysfunction (=‘=) 

75 


Hypofunction {— ) 

150 

Ovary* 

. HjTJofunction (— ) 

260 

Pancreas 

. Hypofunction {— ) 

30 

Adrenal ... 

. HsTJOfunction ( — ) 

10 


• 

1000 


* Functional failure, 225; castrates, 25. 


A few words as to the basis of selection is called for. 

The pituitary, thyroid and ovarian groups show a numerical 
relationsliip which is approximately that of their appearance in 
the diagnostic clinic. That the figures are influenced by this origin 
is certain, and as a statistic cannot be interpreted in terms of usual 
frequency of incidence in the community. Hyperpituitarism and 
h.x'perthyroidism find but scant representation, largely because these 
conditions in an established state do not call for an elaborate diag- 
nostic survey and are referred primarily for treatment. The figures 
for the dysfunctional and hypofunetional stadia are more nearly 
characteristic, since their somatic evidences are less distinctive and 
as a medical rather than a surgical approach is the therapy of elec- 
tion, Likewise, the diabetics are cases for treatment rather than 
for an elaborate diagnostic approach; the adrenal cases do no more 
than reflect the rarity of established adrenal failure. The testicle 
has been omitted as the adult male castrate presents a normal 
sugar metabolism, and we are lacking objective evidence of any- 
significant endocrine influence of these glands in the adult human.'^ 
The parathyroids have also been excluded, in largest part frgm a 
dearth of suitable material. The statement has been occasionally-— 
and somewhat loosely— made that parathyroid failure lowers the 
sugar tolerance. This seemingly derives from animal experiments; 
Falta,^ who reports this phenomenon with parathyroidectomized 
dogs, could not duplicate it in cases of idopathic tetany in man. 
Erdheiin,^ using galactose (40 gm.) and blood-sugar curves, could 
find no lowering of tolerance in idiopathic tetany; on the other hand, 
lie interjirets his results to indicate a probable moderate increase. 
Our few cases of osteitis fibrosa cystica have presented disturliing 
complications which have precluded the certain estimation of the 
parathyroid influence. 

Before fliscussing the numerical data, certain terms must be 
defined for the sake of clarity. Hypofunction is that picture pro- 
duced by ablation of the gland or by its known definitely depressed 
hormone production. Hyperfunction, naturally the antithesis so 
far as hormone production is concerned, isjecognized in this series 
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only in the thyroid and pituitary groups. 'VSdule all aberrant 
activities are dysfunctions, this latter caption has been reserved, 
for classificatory purposes, to those conditions in which evidences 
are presented simultaneously in the same subject of both over- 
activity and underactivity. In the case of the thyroid, one is 
certainly dealing with a transitional state sometimes evoked by 
surgery, more frequently, in this series at least, by spontaneous 
sequential functional depression. With tlie pituitary, yet other 
permutational elements enter in as there are two well-differentiated 
lobes; the pars intermedia is believed by many to constitute a third 
functional entity, and the infundibulum, remotely, may constitute 
a fourth. Dysfunction, then, of this composite gland may include 
any of the rather numerous possibilities of inequality of functional 
level, together with a true transitional status. The usual formula 
of objective evidences includes, among others, a lowered basal rate 
and sugar tolerance, although the opposite condition may obtain. 
We have been privileged through the years to observe a small num- 
ber of cases which, starting at an initial level of hormonal over- 
production, have escaped surgery, and through the years have 
declined gradually to a terminal hypofunction. As early as 1911, 
Cushing and his associates^® reported this sequence in the carbo- 
hydrate vmetabolism of a series of pituitary cases. 

Certain general data, either defining the individuals composing 
the group or bearing directly on their general sugar metabolism, 
have been collected. 

Table 2. — Pitottabt. 



+ 

Male 

4 

Female 

6 

Age, low, yrs 

19 

high, yra 

63 

average, yrs. 

. 38.8 

Glycosuria, % + ... 

. 50.0 

Blood sugar, low, mg. . 

86 

high, mg. . . 

. 100 

average, mg, . 

93 


Function, 


Average 


— ’ 

or 

total. 

85 

41 

130 

215 

109 

330 

4 

7 


68 

71 


31.8 

30.6 

,31.5 

17.0 

0 


72 

72 


115- 

119 


91 

94 

92 


_ Broadly speaking, the females outnumber the males in a proper- ' 
tion of 5 to 2. The ages show a wide range between individuals, 
but a nearly constant average in the two groups of appreciable pro- 
portions. Half of the hyperfunctional and none of the hypofunc- 
tional group show glycosuria, with an intermediate value for the 
group of dysfunctional cases. The blood-sugar values show nothing 
remarkable other than the fact that so many individuals with nor- 
mal Wood sugars demonstrate a slight but definite glycosuria, 
inis IS certainly a reflection of a disturbed carbohydrate metabolism 
winch cannot be solved by the convenient postulate of a “renal 

glycosuria, and which leaves the fundamental question still in 
abeyance. 
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Table 3.— Thyboid. 




Function. 


Average 

Datum. 


'N 


or 


+ 

da 


total. 

Male . 

9 

11 

50 

70 

Female 

16 

64 

100 

180 

Age, low, jTS 

6 

8 

5 


high, yrs 

68 

66 

71 


average, yrs. 

. 36.4 

27.4 

24.4 

26.5 

Glj'cosuria, % + ... 

. 28.0 

12.0 

4.0* 


Blood sugar, low, mg. . 

80 

73 

71 


high, mg. . . 

. Ill 

120 

118 


average, mg/ . 

92 

96 

92 

93 


* Four cases with no demonstrable complication, 1 psychosis and 1 gonorrhea. 


The sex division in the thyroid group shows almost identically 
the same average as did the pituitary. There is a definitel.y lesser 
uniformity throughout the three functional subgroups with the 
dysfunctional series showing but 1 male in 7. The explanation is 
not forthcoming. The ages show a decline as one progresses toward 
lessened function; this is undoubtedly due in part to the relatively 
large number of children studied who presented a thyroid failure 
dating from early childhood. 

Glycosuria in the overactive group is but half as frequently 
recorded as in the equivalent pituitary moiety. The dysfunctional 
figures more nearly concur with those of the hjqiophysis, and even 
the hypofunctional fraction shows a modest number of patients with 
glycosuria. Two of these had complications which were possibly 
the causal agents; the other 4 did not, and it seems probable that 
they were transitional cases, the glycosuria being the sole persistent 
residuum of their earlier hyperactive state. The blood sugars, as 
in the case of the pituitary, show nothing remarkable, all falling 
within the limits of the conventional normal zone. From the figures 
as quoted, it is permissible to infer that the influence of the thyroid 
on carbohydrate metabolism, while considerable and operating in 
the same sense, is certainly less than that of the pituitary. 

As the other endocrine structures under discussion present but 
one level of functional activity, their data can be combined in 
Table 4. Allowance is made in the diabetic group for those present- 
ing a picture modified by insulin therapy. 

Table 4.— Otheb Endociiike GiaAndb. 

Pancreas. 


Datum. 

Male 

Ovarj". 

0 

Insulin 

Untreated. 

10 

Adrenal. 

3 

Female .... 

250 


20 

7 

Age, low, JTS 

14 


11 

22 

high, JTS 

68 


70 

61 

average, >ts. 

. 34.7 


50.3 

35.7 

Glj’cosuria, % + ... 

. 23.0 

75 

100 

, 40.0 

Blood sugar, low, mg, . 

. 75 

81 

158 

74 

high, mg. . . 

118 

173 

334 

85 

average, mg. . 

94 

118 

234 

79 
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All of the ovarian cases had matured; the series average falls 
but slightly above that of the pituitary group. One-fourth of the 
series showed glycosuria, while the blood-sugar values were entirely 
normal. It may be said in passing that the higher levels of, blood 
sugar recorded throughout the first three major groups not improb- 
ably refleet a nervous response to venipuncture; this is certainly 
the case with a number of the oversensitized individuals with 
ovarian failure. With the pancreatic group, the sex proportion 
approximates that of the pituitary and thyroid series, and the 
same is true for our few adrenal cases. The diabetics are distinctly 
older as a group, although the age scatter is substantially that of 
the other series. The youngest adrenal case was 22 years; the 
average age falls in the middle of the fourth decade. 

As was to be anticipated, glycosuria of a marked degree charac- 
terized the diabetics, but a few insulinized patients being sugar free. 
A high incidence (40%) was also found in the adrenal group. As 
was noted a number of years ago,^^ the earlier reports of an inereased 
tolerance in Addison’s disease in large measure derived from an 
erroneous interpretation of animal experiments and the general 
response to suprarenin. The two groups of pancreatic cases exhibit 
blood-sugar levels determined by their relative therapeutic status. 
The adrenal blood sugars show a trend toward that hypoglycemic 
level which is now generally recognized as characteristic of the 
condition. 

To summarize briefly, glycosuria appears through the entire 
series with significant frequency with the exception of the pituitary 
failures and, in nearly equal measure, those of the thyroid. Blood 
sugars are normal except in diabetes where the hyperglycemia is 
pathognomonic, and in the adrenal group where the converse is 
almost equally typical. 

Before reporting the results of the galactose testing, a few words 
as to standards are essential. Wliile the normal healthy male 
seemingly responds to a dose of 30 gm. irrespective of age, the female 
shows a fluctuation seemingly intrinsic in her several levels of 
sexual maturity and activity. While the question has been dis- 
cussed at length in the earlier papers, a brief review may be per- 
missible for purposes of later orientation.. The normal healthy 
prepuberal child responds to 20 gm. With the onset of menstrua- 
tion, the level rises and in the course of the first year usually attains 
the adult standard of 40 gm. Menstruation and pregnancy tend 
to lower this adult level, the latter ultimately to the prepuberal 
standard of 20 gm., followed by, gradual recovery to the adult plane 
after delivery. Castration likewise, after a period of adjustment, 
will produce a consistent prepuberal tolerance (v.i.). The wuiter 
has suggested in this a possible mammary influence and has offered 
certain documentation to support this thesis. Certainly in the 
adult female, free from complications which might affect sugar 
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metabolism, removal of the breasts drops the galactose tolerance 
from 40 to 20 gm. An interesting, indirect support is found further 
in the observation (unpublished data) that the adult tolerance for 
levulose is unaffected bj'- ablation of the mammary glands in the 
human female. 

Rev'^erting to the definition of standards, the menopause seemingly 
produces some degree of retrogression in galactose tolerance, but 
without the uniformity that characterizes the other stadia. About 
two-thirds of the postmenopausal women respond to 30 gm.; the' 
remainder retain the 40-gm. level of the normal adult. 

It should perhaps be noted that the 10-gm. intervals mentioned 
in the preceding discussion do not imply abrupt transitions, but 
represent the conventional levels used in applying the test. 

With the female standards dependent upon the levels of sexual 
activity, tolerance variations tliroughout the series can be equated 
only by expressing them in relative terms of departure from that 
normal which is appropriate to the indi^^dual. The same impedi- 
ment does not exist with the male, but for purposes of uniformity in 
reporting, the same convention is adopted. The postmenopausal 
female introduces a difficulty in that seemingly normal individuals 
respond severally to both 30 and 40 gm. As a partial solution to 
the question, both of these levels are reported as normal (deviation 
=±: %) in the subsequent tables, and departures from these two levels 
are calculated on the basis of a mean postmenopausal level of 35 gm. 
The possible arithmetical errors introduced by the adoption of this 
convention are of minor magnitude, and with the small percentile 
representation of the cases requiring its use, the data are readily 
absorbed into averages which are no more than a first approxima- 
tion. Further, an analysis of these postmenopausal cases constitutes 
a portion of this report, the data demonstrating the warrant of the 
convention adopted. 

Turning now to the actual results of the tolerance testing, the 
data from the pituitary series have been collected in Table 5. 


Table 5.— Galactose Tolebancb. Pitcitaky. 


Tolerance. 

Hjirerf unction, 
per cent. 

Dyaf unction, 
per cent. 

Hypofunction, 
per cent. 

High 

. . -25 


+350 

Low 

-87 

-87 

±0 

Above normal 

0 

0 

98 

Av. deviation . 

— 

— 

+73 

Normal 

0 

3.7 

2 

Below normal 

. . 100 

96.3 

0 

Av. dc\'iation . 

... -68 

-51 


Group de%iation 

. . . -68 

-49 

+71 


As will be seen, all of the h\q>erfunctional cases show a depressed 
tolerance, with an average deviation reaching the significant amount 
of —58%. In the large dysfunctional series, a few presented 
normal tolerances, but the great majority exhibited a depression of 
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the capacity of utilization for galactose, which in many cases, was 
of very marked degree. Fifteen of the earlier cases responded to a 
test meal of 5 gm.; in the more recent applications of the test, in 
the interest of economy of time for the patient, 10 gm. has been the 
smallest dose exhibited. All of these cases showed a definite lower- 
ing of the respiratory metabolism from normal standards. 

With pituitary failure, there is a complete change in the sign of 
the departure from normal tolerance, and the deAuations are even 
more pronounced than in the other two categories. It must not be 
forgotten, however, that there is a definite arithmetical limit to 
depressed values which does not operate in the zone of increased 
tolerance. Only 2 % of this group showed a normal level, none were 
below and the average departure for the group, the considerable 
amount of -1-71%. However and through what agencies the effect 
be mediated, there can be no question but that the pituitary exer- 
cises a profound influence on sugar metabolism. Further, tliere is 
no other recorded agent which will produce the rnassive increases in 
tolerance which are characteristic of pituitary failure. 

Leaving the hypophysis for the moment, the data from the thy- 
roid series present: 


Table 6.- 

—Galactose Tolerance. 
Hyperfunction, 

Thyroid. . 
Dysfunction, 

Hypotunction, 

Tolerance. 

per cent. 

per cent. 

per cent. 

High 

. . . . =^0 

±0 

+100 

Low 

.... -75 

-75 

=t0 

Above normal. 

.... 0 

0 

12.0 

Av. deviation . 

. , . . 


+43 

Normal . . . 

.... 4.0 

33.3 

88.0 

Below normal 

.... 96.0 

66.7 

0 

Av. deviation . 

.... -60 

-33 


Group deviation 

.... -68 

-22 

+5 


Uniform with the pituitary in sense and direction, tlie hyper- 
thyroid group shoves no case with augmented tolerance. One 
patient was normal, and the remainder all exhibited varying degrees 
of depression. ^ The group average fortuitously is identical with 
that of the equivalent pituitary subseries. The composing members 
were all definitely toxic, and transitional types (with the possible 
single exception) have been excluded. The clinical and laboratory 
pictures were typical; so far as is known, all of the cases in this 
series were operated upon subsequent to the study, but we have not 
complete data as many came from a distance and returned to their 
homes on completion of the diagnostic survey. 

The dysfunctional moiety equally show no cases with increased 
tolerance, but . one-third were normal, and the average depression 
of the utilization capacity of the group is of very modest propor- 
tions. Many of these were cases examined after operation and 
presented the characteristic irregularities in rapidity of the decline 
oi^ob,iective evidences toward a normal or terminal hypofunctional 
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The established thyroid failures show a slight upward tendency 
of the tolerance which in isolated cases may assume really significant 
proportions (+100%). In the main, however, the effect on the 
carbohydrate metabolism is not marked, and 88% of the entire 
group yielded normal tests. If the degree of depression of the basal 
rate may be taken as a rough index of the lowering of glandular 
activity, the report of a single ease in the series may be quoted in 
support. The patient was a man in his early sixties, with a long- 
standing and severe myxedema, and a basal rate 60% below his 
predicted normal. The blood and urine pictures gave evidence of 
definitely lowered renal permeability. He was positive with 50 gm, 
of sugar, or a deviation of +67%. The case with the tolerance 
increase of +100% reported in Table 6 was also an aged person 
with severe myxedema and renal impairment. As was noted above, 
the evidence indicates that the thyroid exercises a considerable 
influence on sugar metabolism in the same sense as does the pituitary 
but falling far short in degree of the effect of the latter. Some of 
the more recent work on intermediating hormonal influences between 
these two incretory structures may hold suggestions of an underly- 
ing mechanism. Discussion of these highly interesting matters, 
however, can find no place in the present statement. 

In presenting the material from the examinations with the 
remaining endocrine groups, for initial presentation no difference is 
made between the ovarian failures of functional and those of surgical 
origin. True, it is known that removal of the sex glands in woman 
lowers her galactose tolerance to the prepuberal level, and that 
thus 20 gm. is her normal tolerance. She is an abnormal individual, 
however, and our primary effort is to ascertain the influence of 
abnormalities upon the sugar levels which characterize the normal, 
intact, adult female. The castrate group will have brief individual 
notice later in the text. 

Table 7.— Galactose Tolekance. Otheb Endocrine Glands. 

(Hvpofonction.) 



Ovary, 

Pancreas, 

Adrenal, 

Tolerance. 

per cent. 

per cent. 

per cent. 

HiKh .... 

±0 

=t0 

-25 

how .... 

. . . -S7 

-75 

-87 

Above normal . 

0 

0 

0 

Av. dcAiation 

— 



...... 

Normal 

2.8 

13.3 

0 

Below normal 

97.2 

86.7 

100 

Av. do\-iation 

-47 

-55 

-02 

Group deviation 

-45 

-48 

-62 


Here, in opposition to the two glands pre\''iously discussed, lowered 
functional activity determines a depression in tolerance of wholly 
significant proportions and operating certainly in 97 % of the group 
of ovarian failures. 

Lowered tolerance is to be anticipated with the diabetics, and 
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the present data offer no decided negation to the general trend. 
It is to be noted, however, that 13% show normal tderances tor. 
•^alactose, and these are all in the untreated group. Further, the 
insulin influence in this small series is seemingly not a serious factor 
in determining the individual levels. Twelve cases were under 
insulin therapy, and their average deviation was -53% as against 
that of the 18 untreated cases which was —45%. Several explana- 
tions at once suggest themselves, the first and most probable being 
that the two groups are too small for the arithmetical values to have 
any precise significance. It might be argued further that the more 
severe cases were those under therapy, but an analysis of the case 
records fails to yield an unqualified support to this explanation. 
Several recent investigators*^-^® have reported that insulin has no 
effect on the utilization of galactose (direct effect would be implied 
here), and our present small series certainly presents results that 
are not inharmonious with this report. There is, further, a recent 
literature, in part advocating the use of galactose by the diabetic, 
and in part denying its utility. Without entering the controversy, 
it may be said that the present figures offer some slight support 
to the first contention, as the utilization shown here is as good, or 
better, than in a number of the other endocrine conditions here 
reported. Too sweeping an inference should be avoided, (1) because 
of the small number of cases, and (2), since the mechanisms involved 
are patently different, the diabetics being the only cases exliibiting 
hyperglycemia. 

The adrenal cases show an unvarying depression of galactose 
tolerance and one of the same order of magnitude as the extreme 
conditions of overactivity in thyroid and pituitary. The findings 
here are diametrically at odds Avith the usual statement concerning 
adrenal influence on sugar tolerance. There is a voluminous litera- 
ture m this field, and practically all writers seem to concur in the 
opinion that adrenal failure produces an increase in the tolerance. 
The great majority of the studies, from which this opinion derives, 
are based upon the influence of suprarenin injections on the level of 
blood sugar, or less frequently on the production of glycosuria, 
procedures outside the range of this discussion. Of the very few 
studies which are comparable to the present inimstigatidn, Eppinger, 
Falta and_Rudinger« state that they found a verj^ high tolerance 
for sugar in 3 cases of Addison’s disease, Avhile numerous writers 
have reported the low blood-sugar curves which are considered 
indicative of an increased assimilation limit. A single exception is 
m a recent paper from Forges and Adlersberg,*® in which they 
report inarked transitory hyperglycemia in Addison’s disease after 
glucose feeding, a finding suggesting, though not certainly defining 
a lowered utilization capacity. 

In contradiction to this mass. of opinion, all the cases in this 
senes showed a depressed tolerance for galactose. Question as to 
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diagnosis is answered by the fact that in the typical cases, primary 
adrenal involvement was verified at autopsy. Kidney lesions seem 
to be the almost invariable complement of adrenal disease. The 
contradictory results of the other observers already cited may be 
due to lessened kidney permeability, possibly to the fact that 
galactose was not the sugar used, or possibly to other and unknoum 
causes. The frequently observed hjqioglycemia of adrenal failure 
has been confirmed' in the present group. This might influence 
the so-called tolerance if determined solel.y by the character of 
blood-sugar curves without observation of the urine changes. As 
before stated, sugar anomalies produced by epinephrin injection 
fall outside the scope of the present discussion, as presumably they 
include a mechanism differentiated from that operated by the oral 
administration of sugar. 

There remain yet a few additional matters which must be touched 
upon briefly. In the opening portion of this paper, comment was 
passed upon the well-known fact that a variety of agencies, not 
directly associated vdth ductless glandular activity, plaj'^ definite 
parts in influencing sugar metabolism. Further, it was noted that, 
in largest measure, endocrine cases presenting such complications 
had been excluded from the present study series. Finally, atten- 
tion was called to the demonstrable fact that where two such agencies 
operate in the same individual, the observed end result is an effect 
presenting the algebraic summation of their several influences. To 
illustrate these points and to touch upon other matters as well, 
two groups have been selected, one, a series of 25 castrates from 
within the body of the study group, the other, an appended series 
of 50 cases of thyroid failure complicated by hepatic dysfunction. 
The association presented in the second group is of fairly common 
occurrence and has already been described.^® Turning first to the 
castrates, it may again be noted that removal of the ovaries ulti- 
mately lowers the galactose tolerance to the prepuberal level of 
20 gm. Time is necessary for readjustment, and the terminal 
condition does not appear at once. In a brief series now being 
studied in another connection (unpublished data), all of the com- 
posing members of which had been castrated less than three weeks 
before the study, 4 gave a positive response to .30, 3 to 20 and 2 to 
10 gm. of galactose. One of the 2 with the low (10-gm.) tolerance 
had had a dermoid cyst in addition to a uterine malignancy, the 
other a chronic oophoritis of long standing. Both of these influ- 
ences could complicate the picture. Turning to Table 8, we find 
that 4 of the group had tolerances 10 gm. above that conditioned 
directl\- by their ovarian status. They were all aged women, cas- 
trated many years previously, and all had objective evidences of 
an established nephritis with a lowering of renal permeability. 
Four others in the group showed abnormally low tolerances, and all 
of these were s\'philitic, a condition well knoism to influence the 
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carbohydrate metabolism. The uncomplicated cases all were in 
harmony with prediction; the 4 luetics demonstrate the eiiect ot a 
superimposed reinforcing influence. The status pf the 4_high_cases 
is by no means so certain. A mechanical (physicochemical) impe- 
dance may have been, but was not certainly, the cause. It is a 
fact, however, that in the thousands of cases which have been tested 
with this sugar, there is concrete evidence pointing to^ a renal influ- 
ence on tolerance. On the other hand, all the Addisonians have 
very real renal impairment and, as noted, all present significantly 
lowered tolerances. The facts are reported as they have been found ; 
the correct explanation of them is not so surely forthcoming. 

Table 8.— Galactose Tolerance. Castrates (25). 


Tolerance doae. Number. Deviation, Comment, 

gm, per cent. 

30 ; 4 +50 Advanced nephritics. 

20 17 =*=0 Uncomplicated. 

10 ' . 2 —50 Syphilis. 

5 2 —75 Syphilis. ' 


In the second group showing a significant complication, the 
evidences are simpler and more concordant. It will be remembered 
that thyroid failure either raised the tolerance or failed to modify 
its normal level. 

In the present series of thyroid failure complicated by various 
forms of hepatic dysfunction— all carefully substantiated by a 
variety of objective approaches— there were 10 males and 40 females. 
The ages ran from 12 to 70 years, with an average of 35.7, or defi- 
nitely older than the uncomplicated group. But 2% showed glyco- 
suria, and the blood-sugar data were rigorously normal (73 mg. 
and 114 mg. the extreme values) with an average of 90 mg. The 
galactose data are given in Table 9: 

Table 9. — Galactose Tolerance. Thyroid Failure and Hepatic Dyspunction. 

Tolerance. 

Normal . 

Below normal . 

Av. deviation 

Group deviation 


Number or 
average, 
per cent. 

2 

98 

. -55 

-54 


Of the series, 98% showed a depressed tolerance, and the average 
is at a level comparing favorably with the endocrine agencies which 
produce the most marked depression. Here the relatively slight 
upward trend of the thjToid failure is more than overbalanced by 
the more powerful depressing influence of the liver disturbances. 
With the exception of the liver, all of the non-glandular condi- 
rions tend uniformly to produce a lowering of sugar utilization, 
iheir principal effect then would be manifest in those incretory 
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states usually characterized by augmented tolerances^ in other 
words, failures of the thyroid and the pituitary glands. The few 
cases from these categories presenting significant complication are 
collected in Table 10. 

Table 10.— Influence op Complications. 





Average 

Group 

Gland and function. 

Complication. 

Number. 

deviation. 

deviation, 




per cent. 

per cent. 


Tumor 

3 

+128 


1 

Pituitary 

hypofunction . . j 

Epilepsy 

Central neural 
lesion 

3 

4 

+78 

+76 



Gall bladder 

4 

+61^ 

+83 

ThiToid 

1 Central neural 




hj'pofunction . . • 

lesion 

3 

*0 



[ Syphilis 

2 

±0 

±0 ' 


The tumor cases are included here on the implication that their 
presence might increase intracranial pressure, and this in turn be 
productive of influence on other brain tissues. Actually, no such 
evidence is here forthcoming, and the 6 intrasellar tumor cases in 
the dysfunctional group are potentially supporting with an average 
depression of but —31%. The other figures speak for themselves, 
with the exception of the 2 thyroid cases with lues. They were 
both advanced in years, both had chronic interstitial nephritis, and 
with both the syphilis had been AUgorously treated with seemingly 
a real measure of success. 

Those cases in the total series may be briefly reviewed which 
exliibited normal tolerances in the demonstrated presence of con- 
ditions which would be usually assumed to produce abnormality. 
For purposes of completeness and to emphasize intrinsic differences, 
the complete thyroid data are also included. 

Table 11.— Galactose Tolerance. Analysis of Normal Tolerance. 


Glnnd and function. 

Total. 

Menopause. 

Remainder. 

Pituitary: Dysfunction 

... 11 

7 

1 Tumor, 1. 

\ Head trauma, 3. 

Hj'pofunction 

... 3 

2 

Tumor, 1. . 

ThjToid: Hj'porfunction , 

. . . 1 

1 

0 

Dj'sfunction 

. . . 25 

0 

Uncomp., 25. 

Hj'pofunction 

. . . 132 

28 

Unoomp., 104 

Ovarj': Hj-pofunction 

7 

7 

0 

Pancreas: Hj'pofunction 

. . . 4 

3 

Liver, 1. 


As was noted earlier in the text, the postmenopausal cases intro- 
duce a minor complication with a double standard for normal 
performance. If, for example, .30 gm. Avere the true level, then all 
of the 40-gin. cases Avould show a slight increase (-f 33%). Equally, 
were 40 gin. the correct standard, the 30-gm. cases Aimuld present 



botve: the metabolism of galactose 


699 


a modest depression of -25 %. The convention adopted of report- 
ing both of these groups as normal makes possible the subclassikca- 
tion that is shown in Table 12. Further, the few remaining cases 
(exclusive of the thjToid series) show complications to which may 

be traced their abnormal normality. n c xi. 

To complete the survey of the postmenopausal factor, all or the 

pertinent data have been collected in Table 12. 


TABtiE 12 .— Galactose Tolerance. Postmenopausal Cases. 


Gland and function. 

Positive. 

^ 

40 gm. 30 gm. 

Increased 

or 

diminished. 

Total. 

Pituitary; Hyperfunction 

. . . 0 

0 

1 Dim. 

1 

Dysfunction . 

. . . 2 

5 

22 Dim. 

' 29 

Hypofunction 

... 2 

0 

12 Inc. 

14. 

Thyroid: Hsrperfunction 

... 0 

1 

3 Dim. 

4 

Dysfunction . 

... 0 

0 

0 

■ 0 

Hypofunction 

... 9 

19 ' 

1 Inc. 

29 

Ovary; Hypofunction 

. . . 0 

7 

19 Dim. 

26 

Pancreas; Hypofunction 

... 0 

3 

S Dim. 

11 

Adrenal; Hypofunction 

... 0 

0 

0 

0 

Totals .... 

... 13 

35 

66 

114 

Of the total of 114 postmenopausal cases, 

66 show 

deviations 


which are wholly consistent with their demonstrated glandular 
status, and the uncertainty of the standard can affect only tlie 
numerical expression of their deviation and that in but non-sig- 
nificant amount. Of the remaining 48 cases, 28 fall in the hypo- 
thyroid group where a normal tolerance is the usual finding. There 
remains, then, on]}^ 20 cases— 2% of the series— in which tlie post- 
menopausal uncertainty could produce minor arithmetical variation. 
Patently, the effect is negligible. In %dew of the running comment 
throughout the body of the paper, further discussion is unncessary, 
and the results can be compactly summarized in tabular form. 


Table 13. — Summary of Average Deviations. 


Hyperfunction, Dysfunction, Hypofunction, 

per cent. per cent. per cent. 

Pituitary -58 -49 +71 

Thyroid -58 -22 + 5 

Ovary _ _ 

Pancreas ' . . — _ __ 4 g 

Adrenal — _ _f<o 


In considering the numerical values, it must be emphasized that 
they are only 'rough indices showing direction with certainty, but 
amounts of deviation only as an order of magnitude. The io-gm. 
stadia of the test, the inclusion of all degrees of severity of involve- 
ment witliin the single group from which the average deviation is 
reported preclude the attachment of deep significance to small 
percentile differences. 
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Adrenal failurej with pituitary and thyroid hj^erfunction, con- 
stitute one group, pituitary dysfunction, diabetes and ovarian 
failure a second, while severally, thyroid dysfunction, thyroid failure 
and pituitary failure forms each an independent gradation.- 

The author expresses his deep appreciation both to the subjects of this investiga- 
tion and, more especially, to his colleagues and associates vho have contributed the 
vast amount of factual evidences upon which the study is based and of which the 
galactose testing forms but a very small part. 
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THE METABOLISM OF GALACTOSE. 

vn. The Influence on Tolerance of Coexisting 
Endocrinopathies. 


By Allan Winter Rowe, Ph.D., 

DIRECTOR OF RESEARCH, EVANS MEMORIAE, BOSTON, MASS, 

(From the Evans Memorial, Massachusetts Memorial Hospitals.) 

In a recent paper* dealing witli the influence of individual endo- 
crine dysfunctions on the utilization capacity of the organism for 
galactose, note was made of a possible disturbing effect upon tbe 
expected tolerance through a coexistent non-endocrine condition 
also influencing sugar metabolism. As illustration, data were 
presented from a series of patients with both thyroid failure and 
hepatic dysfunction in which, almost without exception, the depress- 
ing influence of the liver disorder overweighed the modest augment- 
ing tendency of the lowered incretory function. It is reasonable 
to assume that where two or more agencies are operating in the 
same organism, the resultant will be the algebraic summation of 
the several influences, each expressed in its degree and direction. 
Houssay’s pioneer work,^ supplemented by tbe confirmatory data 
from more recent studies and other sources, deaves no doubt that 
such a condition operates when two specific endocrine glands are in 
question, the depressing influence of pancreatectomy balancing the 
augmenting effect of ablation of the pituitary. 

Wiile the so-called pluriglandular syndrome, in the older con- 
ventional use of the term, is seemingly the rarest of occurrences, 
yet in a long series of individuals with endocrine involvement occa- 
sionally a case presents in which the malfunction of two ductless 
glands is seemingly coexistent. Even here there may be a reason- 
able question if one of tbe tn^o was not the primary focus and the 
involvement of the second no more than one feature of a general 
derangement which in time may influence both other incretory and 
non-incretory structures alike. Waiving further discussion of this 
still controversial topic, it remains a fact that whether the aberrant 
functions be coincident or sequential in their genesis, at rare inter- 
vals an individual is studied who seemingly presents such a status. 
A more productive source of material lies in the larger group of 
patients w'ho present a technical pluriglandularity in that a dys- 
functional or hypofunctional condition of surgical origin of one 
gland is superimposed upon a hormonal abnormality of a second. 
Drawing upon both types of material, it has seemed interesting to 
ascertain how far the predicate of opposing or reinforcing effects 
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can be substantiated by direct observation. The present paper 
deals with such a survey. 

In the earlier communication already cited, the analysis of 
1000 carefully studied cases gave certain criteria of tlie several 
influences on tolerance, both as to direction and roughly as to 
amount. Hyperfunctional and hypofunctional states are largely 
the antithesis of each other and require no detailed description. 
The term dysfunctional has been reserved in this discussion for 
those conditions where the gland is in a state of transition from 
one functional level to another or where, as in the case of hypophysis, 
two or more dift’erentiated tissues constituting a single gland offer 
a variety of permutational possibilities. The results of the initial 
study may be abstracted in tabular form, dealing only with the 
structures which are involved in the present study. 


Table 1.— Average Deviations op Galactose Tolerance. 


. Gland. 
Pituitary 
ThjToid . 
Ovary 
Pancreas 


Hyperfunction, Dysfunction, Hj'pofunotion, 
per cent. per cent. per cent. 

-5S . -49 +71 

-58 -22 + 5 

-45 

. . . . . -48 


But little additional comment need be made. The differences 
of degree and direction are obvious. Emphasis should be laid on 
the fact that too great significance must not attach to the actual 
numerical values. These are no more than averages, drawn from 
groups of patients whose glandular disturbances range from mild to 
severe. As this same limitation obtains throughout the several 
groups, some slight quantitative meaning is inherent in the several 
magnitudes; they are to be regarded, however, as tendential rather 
than definitive. 

The omissions in the table have already been discussed in the 
previous paper and elsewhere. The technique of the application 
of the Hofmeister’ test, the establishment of normal criteria and 
other pertinent details have all been previously presented.^ 

The present series is confined to the female sex and all of the 
subjects had matured. The adult female tolerance level of 40 gm. 
applies to all of the group except those few individuals who had 
passed the natural climacteric. With the cases falling in this 
category, and following the previous convention, response to either 
.30 or 40 gra. is recorded as normal (±0%), and deviations above or 
below these levels are calculated from the mean value of 35 gm. 
The warrant of these conventions has been documented in the 
previous paper.^ 

Turning now to the present group, the cases composing it can be 
presented in tabular form: 
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Table 2. — Composition of Gboup. 


Pituitary. 

Thyroid. 

Ovary. 

Pancreas. 

Surfii- 

eal. 

Number. 

Func- 

tional. 

Total. 

Dysfunctiou 

Dysfunction 

... 


3 

3 

6 

Hypolunction 

Hypofunction 

. . . 


0 

2 

2 

Hypofunction 


Hypofunction 


11 

0 

11 

Dysfunction 


Hypofunction 

. . .1 

5 

0 

5 


Hyperfunction 

Hypofunction 


3 

0 

3 


Dysfunction 

Hypofunction 


7 

0 

7 


Hypofunction 

Hypofunction 


, 7 

0 

7 

Dysfunction 



Hypofunction 

0 

4 

4- 


. 

Hypofunction 

Hypofunction 

2 

« 

2 




Totals . 

38 

9 

47 


It is perhaps apposite to note that all of these patients had been 
hospitalized for periods of not less than a week— many of them for 
appreciably longer intervals — and that each had received exhaustive 
and detailed clinical and laboratory studies. Every effort was 
made to ascertain the presence of potentially disturbing complica-* 
tions, and the possible influence of the several individual conditions 
elicited will be discussed later in the text. 

The surgical cases either present one or more previous subtotal 
thyroidectomies or an earlier bilateral ovariectomy; a few exliibited 
both._ Those of purely functional origin are lim'ited to pituitary- 
thyroid and pituitary-pancreas combinations. The latter has been 
reported from time to time in the more authoritative endocrine 
IitCTature; the former as a possibility is apparently gathering form 
and substance as an entity as our knowledge of pituitary agencies 
is being enlarged and formalized. In 2, at least, of our 5 non- 
surgical thyroid-pituitary cases the association was certainly no 
more than a sequential one. Earlier pituitary malfunction had 
produced characteristic stigmata/ which persisted into the later 
adult years at the time when the individual was being studied. 
At this time of examination the thyroid influence determined the 
diagnostic pattern. With the diversity of influences oneratW 
qumititatively and directionally, which this small group presents^ 
A a ma ter of no little diffieulty to collate even the liS S 
eti/r ® metabolism within reasonable compass. Sub- 

Hu Si» St'nt- I-”'' - f'>.”-P<^'=ti™lyhyPerfuneSn, 

mi be collated “f P^tincnt material 

in comparison with the cross- 
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younger person falls in one or another category, but such occurrence 
is rare. Seemingly the time factor for the development of the 
presenting conditions is a considerable one, a situation which could 
well have been anticipated. 


Table 3.— Age. 



Group. 


High. 

Low. 

Average. 

l-a 

P* 

T± 

03 

36 

47 

6 

P-, 

T- 

56 

51 

54 

2-0 

P-. 

G- 

56 

18 

47 

b 

P=*=. 

G- 

50 

30 

42 

3-0 

T+. 

G- 

60 

41 

52 

b 

T=s=, 

G- 

56 

26 

43 

c 

T-, 

G- 

54 

19 

40 

4-0 

Pan — , 

p± 

56 

26 

39 

b 

Pan — , 

G- 

63 

57 

00 


The blood and urine data reflect certain aspects of the sugar 
metabolism. 



Group. 

Table 4. 

— Blood and Urine 

Glycosuria, 

Data. 

Blood sugar. 




7c -f- 

Amt. (av,). 

High. 

Low. 

Av. 

1-0 

P*. 

T± 

33 

Traces 

104 

84 

98 

b 

P-, 

T- 

0 


107 

96 

102 

2-0 

P-, 

G- 

0 


118* 

83 

90 

b 

P*. 

G- 

CO 

Traces 

108 

90 

96 

3—0 

T+, 

G- 

67 

Trace 

85 

98 

90 

b 

T*, 

G- 

0 


111 

'89 

101 

c 

T-, 

G- 

0 


100 

68 

86 

4-0 

Pan — , 

P± 

75 

12 gm. 

290 

145t 

212 

b Pan—, G — 

* Emotional response, 
t Insulin. 

100 

44 gm. 

230 

223 

227 


In the main, the prevailing blood-sugar levels fall within the 
conventional normal range and present nothing distinctive; the 
same is true for the uncomplicated individual endocrinopathies. 
A predictable exception to the above is found in the hj^perglycemia 
of the diabetics, while the castrates with thyroid failure show a 
low normal level. 

The agencies- strongly depressing tolerance are pituitary dys- 
function, thyroid hj'perfunction and ovarian and pancreatic failure. 
The incidence and amount of glycosuria reflects these influences in 
the several subgroups, exception being where the powerfully aug- 
menting influence of pituitarj* failure is manifest, and less strikingly 
in Group .3-c, where thyroid failure opposes the depressing effect of 
castration. Only among the diabetics does the sugar elimination 
reach significant proportions, 1 or 2 gm. or even less being the usual 
report from the other positive urines. 

In reporting the observed galactose tolerance it should be borne 
in mind that the actual number of cases in any one subgroup is very 
small, and also that within the series wide variations occur in the . 
degree of the incretory involvement. This, of course, is not the 
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case Avith the castrates, all of whom present a complete hypo- 
gonadism, but it applies specifically to all of the complementary 
functional derangements and even to those presenting the end 
results of subtotal thyroidectomy. For this reason, high and low 
values are recorded as indicating the scatter within the single^ class. 
The averages are to be regarded only so nearly representative as 
the small number of cases warrants. In 3 of the subgroups the 
tolerances were identical, but the groups were small and additional 
cases, in all probability, would have recorded differences. 


Table 5.— Galactose Tolerance. 

Deviation (%). 


Group. 


l~a 

P±. 

T=fc 

b 

P-, 

T- 

2-a 

P-. 

G- 

b 

P=^, 

G- 

3-a 

T+, 

G- 

b 

T±, 

G- 

c 

T~, 

G- 

4-a 

Pan—, 

P=fc 

b 

Pan — , 

G- 


■ High. 

Low. 

Average. 

-85 

-25 

-57 

+71 


+71 

+100 

±0 

+20 

-75 


-75 

-75 


-75 

-75 

-25 

-61 

-50 

-25 

-40 

-50 

-43 

-48 

-75 

-50 

-63 


In Group 1-a both factors tend to depress tolerance, while in 2-a 
both exercise an opposite effect, that of the pituitary being the 
most powerful augmenting influence of which we have record. 

In Group 2-a the depressing effect of castration is outweighed 
by the pituitarj' influence and a moderate increase results. With 
the dysfunctional pituitarjy the effect is to lower tolerance, and 
this reinforces the like influence exercised by castration. In the 
three thyroid-ovary groups the average values show roughly the 
progress from significant reinforcement to a terminal partial com- 
pensation of ovarian depression as the hormonal activity of the 
first gland declines. 

In the fourth group, in which the pancreas is one of the component 
factors, the pituitary (a) seemingly exercises but slight influence, 
the average being that earlier recorded for uncomplicated diabetes 
(Table 1). On the other hand, castration exercises its invariable 
depressing effect and that in women of fairly advanced age, certainly 
beyond the natural menopausal boundary. 

^Wnle recognizing that any arithmetical expression with such 
small numbers of cases and Avith the variations in degree of func- 
tional involvement within the group can define no more than a 
trend, the consistency of the postulate may be roughly estimated 
by such an approach. ^ Taking the deviation values from Table 1 
for the uncomplicated influence of each entity, their algebraic sum- 
mations give a calculated value for each of our present subgroups. 
A single exception is made in the use of -50% for the surgical 
hypogonad case, the figure in Table 1 including mild functional 
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derangements and thus lessening the average deviation from that 
of total failure. 


Table 6. — Coriielations. 


Tolerance deviation (%). 


l-a 

Group. 

P=t, 

T 

Number of 
cases. 

6 

Calculated. 

-71 

Observed. 

-57 

6 

P-, 

T- 

2 

+76 

+71 


P-, 

G- 

11 

+21 

+20 

h 


G- 

5 

-99 

-75 

3-0 

T+. 

G- 

3 

-lOS 

-75 

h 

T*. 

G- 

7 

-72 

-61 • 

c 

T-, 

G- 

7 

-45 

-40 

4-0 

Pan — , 

P 

4 

-97 

-48 

b 

Pan—, 

G- 

2 

-98 

-63 


Before discussing the degrees of correlation, one point must be 
considered. There is a definite and intrinsic arithmetical limit to 
the numerical expression of depression; in addition, with but one 
exception (—85% in Group 2-a), none of the subjects in the present 
series were tested with less than 10 gm. of sugar, thus defining a 
maximum deviation of —75%. 

On this basis. Groups 1-5, 2-a and 3-c show a high, and,l~«- and_ 
3-6 a satisfactory, degree of correlation, In Groups 2-6, 4-6 and, 
most significantly, 3-a, the summation of the influences exliibit 
the limitation of the arithmetical approach with calculated values 
that exceed those which could possibly be reached under the con- 
vention of the testing. Even in these groups the reinforcing influ- 
ence of one depressing agent upon its fellow is clearly manifest. 
In short, with the single exception of Group 4-a, in which the 
pancreas and pituitary participate, there is complete harmony in 
direction and a rough, consistent approximation in degree. In 
fact, the closeness of correlation in Groups 1-6, 2-a and 3-c must 
be regarded as fortuitous. 

Turning for a moment to the one divergent comparison and 
recognizing that the predicted value of —97% is equivalent to no 
more than a —75% for the observed, we find that the 4 cases com- 
prising the series showed, respectively, —25%, —43%, —50% and 
—75%. Conventionally these were all designated as dysfunctional 
states of the pituitary, but if only one (that at —25%) were adjudged 
to be a pituitary failure, the calculated deviation would become 
—70%, or in most satisfactory concordance with the observed 
average. lAliile this offers a plausible explanation of the dis- 
crepancy in this group, the far-reaching effect of so minor a manipu- 
lation again emphasizes the need of considering the numbers as 
recorded as no more than rough indices of relative magnitudes. 

In the earlier paragraphs mention was made of disturbing effects 
from non-endocrine agencies. The few cases in the series where 
such conditions obtain may be briefly reviewed. 

There were 4 cases with actual or potential neural injury, including 



707 


ROWE: THE METABOLISM OP GALACTOSE 

1 postencephalitic, 2 cases with previously ’fractured skulls, none of 
whom gave positive evidences of current neural aDnormality, and 
1 with intrasellar tumor. This last ease was a woman, aged 39, a 
diabetic, and was the patient showing the minimum deviation ot 
—25% in the galactose tolerance. "VSTile, as previously noted, - she 
was recorded as of dysfunctional pituitary status, the galactose 
level, aside from other considerations, would seemingly indicate a 
partial compensation, through, pituitary failure, of the depressing 
pancreatic inflnence. A modest further support is found ^ in the 
blood-sugar level of 163 mg., the lowest recorded in the non-insulin- 
ized diabetic gronp. Finally, her urine was free from sugar, the 
only case in the group. In view of the experimental results pre- 
viously noted,2 this case assumes peculiar interest. Turn of the 
other neural cases gave tolerances consistent wuth their respective 
endocrine status; the third is discussed below. 

Four cases gave evidence of some degree of hepatic dysfunction, 
of which 3 showed tolerances seemingly defined by the endocrine . 
status. The remaining case may receive brief comment. The 
patient was a woman, aged 48, with an earlier history of encephalitis 
but without demonstrable residua. There was definite hepatic 
dysf miction; the endocrine status was a pituitary failure with surgi- 
cal hypogonadism. She responded first to a test meal of 80 gm, or 
-1-100%. Her predicted tolerance would be increased, but only to 
a moderate degree, as the ovarian depression operates against the 
pituitary. The observed tolerance— uniquely high for this group- 
may be ascribed to the hepatic influence. I'Sdiile ordinarily -liver 
disorders depress sugar tolerance, w^e have recorded® a small number 
of cases in which the opposite condition obtains. True, one could 
assume a dominant pituitary effect here, and, indeed, such may be 
the case. The other explanation is a possibility that' w^arrants 
mention. 

To complete the tale of non-endocrine factors, there were 2 
psychotic and 1 psychoneurotic patient in the series, all of wliom 
gave no evidence of a snperimposed effect from this cause. The 
limits of i^ariation in most of the subgroups were sufficiently elastic 
to absorb moderate additional effects without changing the sign of 
' the observed deviation. 

Summary. This material appears to support the postulate, that 
the end result of thegalactose tolerance, as observed in the individual 
human being, reflects the algebraic summation of the several influ- 
ences where more than one is operative. This emphasizes alike 
the need for caution in the interpretation of a single evidence and 
the unwisdom of establishing a diagnosis on an unsupported single 
end rpult, common to a number of causes, in terms of one of them. 
Seemingly, the utilization capacity for galactose in the human being 
IS influenced by a number of agencies not demonstrably inter- 
related with each other and capable of independent functioning. 
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Nutrition and Disease. The Interaction of Clinical and ExpCTimental 
Work. By Edward Meldanby, M.D., F.R.C.P., F.R.S., Late Professor 
of Pharmacology, University of Sheffield; Consulting Physician, Royal 
Infirmary, Sheffield; Secretary of Medical Research Council. Pp. 171; 
illustrated. London: Oliver & Boyd, 1934. Price, 8/6. 

This short volume of 170 pages, packed with interesting experimental 
data and clinical observations, is a fine illustration of the interaction of 


Laboratory and Clinic. , , ■ t i. 

The material presented represents the essence of the Croonian Lectures 
delivered before the Royal College of Physicians in June, 1933, and includes 
chapters on Rickets, Dental Structure and Disease, and a noteworthy dis- 
cussion of disorders of the Thyroid Gland. The section on Nutrition and 
Infection, discussing particularly puerperal sepsis and septicemia, presents 
information of- practical importance to obstetricians and surgeons. 

Of especial interest is the discussion of Nutritional Influences on the 
Nervous System, in which the author correlates experimental work on 
animals ivith pathologic changes observed in pernicious anemia, subacute 
combined degeneration, disseminated sclerosis and xerophthalmia. It is 
stated that whereas watery extracts of liver may improve the blood picture 
of pernicious anemia, the protective agent against cord degeneration is a fat 
soluble factor, namely, vitamin A. Commercial liver extracts do not prevent 
nervous degeneration in dogs on a diet deficient in vitamin A. Thus 
Mellanby believes that whole liver plus vitamin A, used over an extended 
period of time, is the liest therapy for pernicious anemia. 

The work is generously illustrated with charts, sketches, clinical picture 
_ and microphotographs. The illustrations of nervous system lesions of 
nutritional deficiency origin are particularly noteworthy. The author 
has a pleasing style with plausible arguments and logical deduction. 

This small book is a substantial contribution to the study of Nutrition 
and Disease. E. B. 


Krebs im Lichte Biologischer und Vergeeichend Anatojiischer 
Forschung. By Med. Dr. Josef Lartschneider, Linz A. D. Donah. 
II. Bknd, Heft 2, Adenomkrebs Kystom Scirrhus Bindegewebe Mes- 
enchym Sarcom Odontom Kieferkystom. Vienna: Franz Deuticke 
1935. Price, M. 7. ’ 

In the second volume the author continues to propound his dubious 
inceptions of the histogenesis and biologic behavior of malignant tumors 
There are, moreover, several chapters dealing with subjects having no 
relation to the cancer problem, such as a polemic discussion of the character 
of Virchow and its relation to cellular pathology, explanations concerning 
the causative mechanism of death in empyema, etc. A few quotations of 
the do^iatic assertions may best illustrate the type and scientific value 
01 the book. 


n discussion of the histogenesis of .adenocarcinoma mainly on 

he findings made by Eberth, in 1868, on multiple cystadenomas of the 

*^iey are of carcinomatous charac- 
ter and did not kill the frog because adenocarcinomas are of muscular 
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origin and represent a collagenous, glue-producing cancer tissue which is 
unable to attack the parakeratotic covering of the frog. These “adeno- 
carcinomas” in the frog’s skin are accoi’ding to Dr. Lartschneider irrita- 
tively formed coelom cavities and vestigial nephridium formations. As 
undifferentiated mesenchymatous cells are first transformed into spindle- 
shaped muscle cells, then into m3’'oepithelial cells, and finally into columnar 
epithelial cells, and, as the replacement of desquamated epithelial cells 
of mucous membranes is accomplished by a proliferation of the cells of the 
muscularis mucosa and muscularis, the gigantic hypertrophy of the mus- 
cular tissue in the stomach, intestine and bladder in the presence of des- 
quamative processes of the epithelial lining of these organs finds thereb3’' 
a ready explanation which nobody should doubt. The marked tendenc3’' 
of mesench3>matous tissue and preskeletal muscle tissue to become trans- 
formed into glandular tissue accounts for the occurrence of adenomas and 
pseudocoelomic sacs in places where normally glandular tissue is not 
present. Precancerous entodermal proliferations such as found in intes- 
tinal polyps ma3’’ develop either into a cancer of the mucous membrane or 
ma3'^ germinate into a mesenchymatous tissue which in turn may change 
into muscle tissue which after undergoing a chemical and morphologic 
transformation may turn into a tendineous-aponeurotic connective tissue 
gmng rise to a scirrhous carcinoma. The muscle tissue of the tongue is 
disposed to adenosis and therefore predisposed to produce adenocarcinomas. 
The vascular muscle tissue is of cross-striated type. Similar extraordinar3'- 
statements are made in regard to the cancers of the sldn of the hornified 
t3’-pe. 

The author explains death caused by emp3'ema as follows: Muscle 
cells germinate in the purulent matter completely independent from the 
organism. For the production and maintenance of these cells heat is re- 
quired which is produced and taken from the organism resulting in the 
causation of fever. In case the empyema is too large the bod3'’ is unable 
to supply the necessary heat. The temperature needed for the breeding 
of cells in the empyema becomes insufficient. The emp3''ema turns into 
an iceberg which attracts the heat remaining in the body and ivith the loss 
of this heat from the organism death results. Any comment to these 
elucidations appears to be unnecessary. W. H. 


Diet and Physical Efficiency. The Influence of Frequency of Meals 
Upon Physical Efficienc3" and Industrial Productmt3L By Howard 
W. HiiGGARD, M.D. and Leon A. Greenberg, Ph.D., of the Depart- 
ment of Applied Physiology in Yale University. Pp. 180 ; 31 illustra- 
tions and 35 tables. New Haven: Yale University Press, 1935 . Price, 
S 3 . 00 . 

The authors studied the influence of the frequency of meals upon pl^sical 
efficiency and industrial productmt3L They state that the quantity and 
quality of food have received a great deal of attention in recent years, but 
that the distribution of diet in time has not received the attention it de- 
serves. The3" utilized the respirator3'' quotient as an index of muscular 
efficienc3’ and concluded that the practice common in this country'- of eating 
the day’s supply of food in three installments does not permit of the 
greatest efficienc3' of which the indiiddual is capable. They find that, for 
the working man and woman as well as for the active growing child, five 
meals a da3' 3’ield the maximum efficienc3q although these five meals need 
contain no more calories than the usual three meals. Their conclusions 
were that on the same amount of food the industrial output of factor}' 
operatives ma}' be as much as 10 % greater under one mealtime arrange- 
ment than under another. B. W. 
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Some Thoughts of a Doctor. By Frederick Parkes Weber, M.A., 
MD FBCP F.S.A. With a Preface by Sir W. Langdon Brown, 
m‘.A.'’ M.D., F.R.C.P., Regius Professor of Physic in the University of, 
Cambridge. Pp. 183. London; H. K. Lewis & Co., Ltd., 1935. 

Many of the brief essays brought together here appeared in German trans- 
lation several years ago under the more expressive title Gedmkm ernes 
Avztes iiber Seele. Natuv i.i'iid Gott. Even tins cosmic handle fails to denne 
satisfactorily a collection of essays in wliich are considered eugenics, the 
psychiatrists, longevity, medical teleology, the blood as a group oi organs, 
suicide and euthanasia, therapeutic fasting and low diet, cell memory, 
the gambhng spirit, war atrocities and myths, among other more and less 
metaphysical subjects. The essays are replete with the individuality, wit, 
and intellectual \’igor hitherto associated with Dr. Weber’s hterary work, 
and it is to be hoped that the vacuous title of the book may neither ensnare 
the ingenuous, nor mislead the cultured medical man whom it will please 
most. McD., 2d 


Fifty Years a Surgeon. By Robert T. Morris, M.D. Pp. 347. New 

York; E. P. Dutton & Co., Inc., 1935. Price, S3.50. 

In this book a distinguished American surgeon looks back over a fruitful 
period in the development of surgical technique, and reviews vith disarming 
candor his own and others’ contributions, salting the review with spirited 
reflections along the way. It is a two-fisted tale, not lacking in drama for 
the layman, which will provide the older medical man with the sometimes 
dubious pleasures of- recollection, and the younger with a stimulating per- 
spective on his craft. Such records as tliis sen^e notably both the cause of 
medical history and the better understanding between layman and physi- 
cian. W. McD., 2d. 


Child Psychiatry. By Leo Kanner, M.D., Associate Professor of 
Psychiatrj'-, The Johns Hopkins University, Baltimore. With Prefaces 
by Adolf Meyer, M.D., LL.D., Henrj'- Phipps Professor of Psychiatry, 
The_ Johns Hopkins University, and Edward A. Park, M.D., Prof, of 
Pediatrics, The Johns Hopkins University. Pp. 527. Springfield, 111.; 
Charles C Thomas, 1935. Price, S6.00. 

The author 'in his introduction makes the following statement: “The 
present volume, which is offered as the first textbook of child psychiatry 
in- the English language, is offered as an attempt to cover the entire field 
of children’s personality disorders on a broad, objective, unbiased and 
practical basis.” 

With excellent prefaces by Dr. Edward A. Park- and Dr. Adolf Meyer 
the book starts off with a consideration of the various schools of psychiatric 
thought and follows this with an excellent chapter on the principles of 
child p.sychology, giwng the reader a good foundation for the chapters which 
follow on the specific problems to be encountered in the difficult child 
The author's vast e.xperience at the Harriet Lane Home of the Johns 
Hopkins Hospital and at the Henrj^ Pliipps Psychiatric Institute is clearly 
brought out in lus able discussion of everj' conceivable mental disorder of 
childhood. He is obviously a great admirer of Dr. hlever, and the latter’s 
common sense philosophy is everjnvlicrc present in the book. The psvcho- 
aiialyiical .school is given credit where credit is due, liut it is obvious that 
the author does not consider these methods by and large applicable to the 
common disorders of childhood. fe 1 1 « lo tue 
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Principles rather than specific therapeutic procedures are given in the 
discussion of the treatment of the various disorders. As Dr. Meyer once 
said, “A child guidance clinic must not be merely a center for the distribu- 
tion of tricks.” Each indmdual case must be analyzed from every angle. 
IMien the physical condition, heredity and emdronment have all been 
carefully studied the course of treatment vill often suggest itself. 

This is a book which should be of interest not only to physicians but to ' 
^ 3^60 interested in the problem child as weU. It is extremely well written, 
offers a wealth of clinical material, and offers something which has long been 
greatl}" needed. A. McG. 


Tumors of the Urinary Bladder. By Edivin Beer, M.D., E.A.C.S., 
Visiting Surgeon, Mount Sinai Hospital; Consulting Surgeon, BeUeime 
Hospital, New York City. Pp. 166; 52 illustrations; 8 in colors. Balti- 
more; William Wood & Co., Price, S3.50, 

This brief but comprehensive monograph is of importance because of 
the author’s well known contributions to the therap}' of these tumors and 
his sustained interest in the subject for the past twenty-five 3 '^ears. The 
book deals principally with the epithelial grovi.hs because, the author 
points out, other t 3 Ties of bladder neoplasms are rarities. The author’s 
concise classification of the epithelial tumors of tlie bladder forms the 
basis for his discussion of the symptomatolog 3 ’’, pathology and treatment. 
T 3 ’pical benign and malignant lesions as they appear through the C3’'stoscope 
are well illustrated. The c 3 ’'stoscopic pictures of conditions resembling 
tumors are fully discussed. In the Chapter on the Consideration of Treat- 
ment of Bladder Tumors the author points out the fallacy of dogmatism 
in this field and lists the various procedures which he has found of value. 
He discusses the indications for these different methods in the manage- 
ment of the various t 3 Ties of neoplasms encountered. The author also 
discusses other methods used by various groups, although few direct 
references are made to the extensive bibliograph}'. 

J. McC. 


NEW BOOKS. 

Puerperal Gynecology. 63 ’’ J. L. Bubis, M.D., F.A.C.S., Consultant in 
Obstetrics, G 3 mecologist, Mt. Sinai Hospital, Cleveland; Member of 
Central Association of Obstetricians and G 3 mecologists. Foreword by 
P. Brooke Bland, M.D., Professor of Obstetrics, Jefferson Medical 
College, Philadelphia. Pp. 199 ; 81 illustrations and 22 tables. Baltimore ; 
William Wood & Co., 1935. Price, S3.50. 

Diseases of the Liver, Gall Bladder, Ducts and Pancreas. Their Diagnosis 
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THE USE OF CARBON TETRACHLORID, TETRACHLORETH- 
YLENE, HEXYLRESORCINOL AND RELATED COMPOUNDS 
IN INTESTINAL PARASITIC INFESTATIONS. 

During the past decade significaiit progress has been made in the 
chemotherapy oi intestinal infestations. New compounds have been 
introduced and some of the older remedies, such as chenopodium and 
aspidium, have been reinvestigated. In spite of extensive clinical 
trials, an evaluation of the relative clinical merits of these substances 
or combinations of these substances is difficult. The pm’pose of this 
review is not so much to enter into the controversial topic of the rela- 
tive merits of anthelmintics as to summarize the pharmacologic and 
therapeutic properties of these newly introduced substances. The 
clinical aspect of anthelmintics has been discussed recently by Broym.^ 
Carbon Tetrachlorid. In 1921, HalF-® tested the efficacy of carbon 
tetrachlorid in dogs, horses and swine, with particular reference to the 
effect of the drug on hookAvorms. The use of carbon tetrachlorid as 
an anthelmintic was suggested to him by the fact that chloroform has 
been applied alone and in mixtures for the removal of hookworms. 
In animals carbon tetrachlorid was found by Hall to be only slightly 
less effective than chenopodium. In wew of the fact that carbon 
tetrachlorid was used about a half century ago as an anodyne and 
anesthetic, Hall took 3 cc. of the drug in hard capsules. No untoward 
effect was noted. He therefore suggested its use in man for removal 
of hookworms and ascarides. He also pointed out that carbon tetra- 
chlorid is a chemically pure drug with definite chemical composition 
and thus possesses an advantage over chenopodium, which is a mixture 
of a number of compounds in variable proportions. Following his 
report this drug was used extensively. The average dose administered 
for adults is 3 cc., which is usually added to 30 gm. of magnesium 
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sulphate dissolved in half a glassful of %vater. The mixture is usually 
shaken, and swallowed in a postabsorptive state in the morning. No 
breakfast is eaten until the purge has acted. Following the action of 
the purge a warm soapsuds enema is given, and the stools are searched 
for worms.^ Extensive experience with the drug, however, indicated 
that toxic reactions occur. Thus Lambert,^ reporting his 10 years of 
experience in the treatment of 286,486 persons with various drugs, has 
observed 6 deaths from carbon tetrachlorid and 1 death from ‘oil of 
chenopodium. He gained the impression that patients with a large 
number of ascarides are more sensitive to toxic reactions. Racial 
factors apparently also play a role, as all severe toxic reactions devel- 
oped among East Indians. IMilder manifestations of the drug were 
dizziness and sleepiness. “Nurses say that after treatment is given in 
a native village there is a strange unusual silence for the remainder of 
the day.” Headaches, nausea and vomiting develop frequentlj^ Jaun- 
dice and bloody stools may appear. The nature and the treatment of 
the intoxication have been studied extensively by Lamson, Minot and 
their associates.^-® "-® They have demonstrated that the important 
underlying lesion is central necrosis of the liver. They pointed out 
that carbon tetrachlorid is extremely toxic, both for chronic alcoholic 
addicts and for those who drink alcohol immediately after treatment. 
The relation of alcohol to carbon tetrachlorid poisoning was also demon- 
strated in animals. Irritation or mechanical obstruction of the intes- 
tines by ascarides predisposed to poisoning. jMigration and obstruction 
by the ascarides may follow the administration of carbon tetrachlorid; 
hence for removal of hookworms it is advisable to administer cheno- 
podium before carbon tetrachlorid is given. Another predisposing 
factor was undigested food in the intestinal tract. Finally, these 
authors produced experimental evidence indicating that in the clinical 
sjunptomatology calcium deficiency plays an important role. In sup- 
port of this factor they mention that children who are undernourished 
are particularly susceptible to carbon tetrachlorid. ’iATien both the 
calcium ion and the fibrinogen content of the blood are low, intestinal 
bleeding may be demonstrable. For the prevention of intoxication 
they recommend: (a) avoiding the administration of carbon tetra- 
chlorid to patients with ascariasis without preliminary treatment for' 
roundworms; (6) refusing treatment to alcoholic addicts; (c) having 
the patient avoid alcohol and food shortly before and after carbon tetra- 
chlorid administration; and (d) insuring an adequate calcium reserve 
in all persons treated. 

Because of these unpleasant and toxic reactions, attempts have been 
made to find a more suitable preparation. The early work in this field 
was carried out in the Zoological Division of the United States Bureau 
of Animal Industry. 

TetracMorethylene. Hall and his associates have found that among 
the substances related to carbon tetrachlorid, such as ethylene dichlorid 
(CiCiC'b), carbon trichlorid (CaCls) and tetrachlorethylene (C2CI4), only 
the latter held therapeutic promise. They found that in ex'perimental 
animals tetrachlorethylene %vas as effective as carbon tetrachlorid for 
hook^vorms and ascarides. In the first publication Hall and Schillinger® 
believed tliat the safety of and lesions induced bj" tetrachlorethylene 
are about the same as those observed following the use of carbon tetra- 
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cWorid. Lamson, Robbins and Ward^" undertook the investigation of 
tetrachlorethylene and they observed that this substance is less toxic 
than carbon tetrachlorid and that it produces entirely different reac- 
tions, Tetrachlorethylene is absorbed little if at all from the intestinal 
tract of dogs in the absence of fat. With massive doses, particularly 
if fat is present in the bowels, absorption may take place,^ resulting in 
intoxication and even death. The manifestations of intoxication, 
however, are those of a hypnotic and not those .secondary to liver 
damage. Experiments actually failed to reveal necrosis of the liver or 
lesions of the kidneys. These authors suggested that “the chances of 
its being toxic in human beings are very slight, and they concluded 
that from a pharmacologic point of view tetrachlorethylene is superior 
to carbon tetrachlorid and chloroform for anthelmintic uses. _ No 
extreme dietary preparations are necessary. Lamson also predicted 
that it could be used in the treatment of hookworm disease with far 
greater safety than either oil of chenopodium or carbon tetrachlorid. 
Experienced gained by workers in the field confirmed this contention. 
In certain patients dizziness and giddiness may occur following the 
usual adult dose of 3 to 4 cc.“ In his extensive e.vperience Lambert^ 
observed no fatalities or severe intoxication. He states, however, that 
the exhilarating effect is more pronounced than that of carbon tetra- 
chlorid, though some of the bizarre manifestations among natives of 
the tropics are due to post-treatment hysteria rather than to the drug. 
It is advisable to refrain from taking fat or alcohol during the treatment. 
It has been estimated that as high as 77 to 97% of the hookworms' 
were removed after a single treatment with tetrachlorethylene.^^ 

Hexylresorcinol and Related Compounds. These substances have 
been introduced in an attempt to find a safe and effective ascaricide, 
in view of the fact that both santonin and oil of chenopodium may' 
cause severe intoxication if not properly eliminated. Tlie effective 
elimination of ascarides is an important problem, not only per sc, but 
also in connection with hookworm campaigns. It has been found that 
both carbon tetrachlorid and tetrachlorethylene cause migration of the 
ascaris, which may result at times in fatal obstruction of the gut and 
air passages. The ascaris should therefore be removed before applying 
these drugs for hookworm eradication. 


Lamson, Brown, Robbins and Ward'® have found that hexylresorcinol 
fulfills the requirements for the safe eradication of ascaris infestation. 
It is active on ascarides in vitro, killing them without initial stimulation, 
and is relatively non-to.xic. They have treated 1500 human eases with 
crystallin_ hexylresorcinol without any sjTOptoms of consequence and 
with no instance of ascaris migration, and they have succeeded in 
removing a high percentage of both ascarides and hookworms, as well 
as numbers of trichuris. The drug was administered in hard gelatin 
capsules. Doses of 1 gin. were given to patients of 12 years or over, 
O.G to O.S gm. to those from 6 to 12 years, and doses of 0.4 gm. to very 
young children. In adults, doses below. 0.5 gm. were less effective, 
ihe ethcacy of hex 3 -lresorcinol ivas found to be greatly reduced if 
food was taken shortly before or after treatment. It was therefore 
iound best to institute treatment in the morning before breakfast, 
allowing no food for 4 or 5 hours afterward. Full therapeutic doses 
remoied between 90 and 100% of ascaris and hookworms in controlled 
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cases, so that administration of larger doses seemed unnecessary. In 
the group of field treatments reported by these authors an average 
reduction of 90% of ascarides, 80% of hoolnvorms and 55% of trichuris 
was obtained. A few patients complained of slight gastric irritation 
and an occasional patient vomited.' This was probably due to the irri- 
tant action of hexylresorcinol on the gastric mucosa, caused by the 
interaction of this substance in concentrated form with the protein of’ 
the superficial epithelium. On account of the insolubility of hexyl- 
resorcinol, this reaction of the mucous membrane is entirely superficial. 

Bro'tt'n^ claims that tetrachlorethjdene is more effective than hexyl- 
resorcinol in the removal of hookworms, and therefore is to be pre- 
ferred for mass treatment. In children and in debilitated and pregnant 
persons hexylresorcinol is useful. Molloy^'* has used hexylresorcinol in 
1784 treatments of hookworm and otlier intestinal helminth infestations. 
With the exception of slight gastric irritation, no toxic sjunptoms were 
observed. On account of the action of he.xjdresorcinol on gelatin, he 
administered the drug in sugar-coated pills rather than in gelatin 
capsules. Full therapeutic doses of 1 gm. removed from 65 to 72% of 
hookworms under field conditions. He claimed that in the treatment 
of ascaris infections the drug is probably without an equal. From 
93 to 98% of the ascarides harbored by the individuals treated were 
expelled by a single dose. In the treatment of whipworm infestations, 
on the other hand, the drug appears to be less effective than was indi- 
cated by other workers. E\'en so, it was found to be the most effective 
drug available against this parasite. The administration of a pm'ge 
2 hours after the drug lessens its anthelmintic effect. On account of 
its delayed action, phenolphthalein may be administered simultaneously 
■nith hexylresorcinol without lessening its efficiency against hookworms 
and ascarides. If saline purgatives are emplo 3 ’'ed, they should prefer- 
ably not be administered until the following morning. In the treatment 
of hookn'orm disease a single dose of hexjdresorcinol lessens the worm 
burden to the extent that the patient is relieved of most of his sjunp- 
toms. It does not, however, entirely eliminate the danger to others, 
since the majority of individuals treated still harbor a sufficiently large 
number of worms to be considered “carriers.” 

• Recently Lamson and his associates reported further anthelmintic 
studies on alkyl-hydroxybenzenes.*®-*®-‘^’‘* A number of alkyl-poly- 
hydroxybenzenes have been studied for their anthelmintic action m vitro. 
Marked ascaricidal properties appeared first in the am 3 dresorcinoi and 
reached a maximum in hex.ylresorcinol. With the majority of alk^d- 
phenols the active substance will be found to occur in a solution range 
of from 1 to 1000 to 1 to 35,000. The melting point of the active sub- 
stances is usuallj' below 80° C.; compounds with higher melting points 
cannot properl.v come in contact with the worm and are usuallj’’ 
ineffective. 

The pharmacologic properties of hexj'lresorcinol have also been 
reinvestigated and compared with those of other substances. Its 
absorption and excretion have been studied quantitativeIJ^ It is of 
interest that no consistent lesion has been found except the local 
irritant effect on the gastro-intestinal tract. Hexylresorcinol was found 
again to be an extremel.v effective ascaricide, doses of 0.1 gm, per ,vear 
of age up to adult doses of 1 gm. removing between 90 and 100% of 



THERAPEUTICS 


719 


the parasites. It is less effective against hookworms, although between 
70 and 80% of these parasites can be removed by a single dose. >xcept 
for its local irritant properties which cause some temporarj^ superhciaj 
irritation of the stomach and intestine, an effect which is unnoticed 
by the majority of indhdduals, hexylresoreinol may be considered from 
the experiments presented as a non-toxic substance. No case or intoxi- 
cation has been reported, even after its use in many thousands or 

individuals. , , , r j i • 

From the studies of many polyhydroxybenzenes, Lamson and his 

associates feel that a certain degree of local irritant action must be 
present in order to allow anthelmintic acti\dty. Anthelmintic actmty . 
is not, however, directly proportional to local irritant action. Thus 
the lower members of these 4-n-alkyl-resorcinols are even more irri- 
tating than hexylresoreinol, but they are not such active anthelmintics. 

In spite of the fact that it was thought by these workers that the 
ascaricidal properties were related to the presence of the hydroxyl 
groups of the benzenes, the dihydroxybenzenes were not found strik- 
ingly different in their ascaricidal action from the monohydroxyben- 
zenes. The ascaricidal properties of phenols and resorcinols are 
increased by the introduction of alkyl radicals. These properties 
become more marked as the alkyl chain is lengthened, reaching a max- 
imum which differs in different smes, and falls off rapidly in the higher 
members. No significant difference was found between ortho- and 
para-alkylphenols.' The effect of other types of alterations in the 
structure of alkyl-hydroxybenzenes on the pharmacologic properties of 
the drug is discussed. 

Among the substances studied there are several which theoretically 
should be as good human ascaricides as hexylresoreinol. There is also 
a possibility that some of these substances will be found of especial 
value in other helminth infestations, such as uncinariasis or trichuriasis. 
Lamson suggests tliat the efficacy of these substances should be tested 
in man. 

Soma Weiss. 
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Mediastinal Tumors. The management of intrathoracic disease is 
peculiarly the responsibility of the roentgenologist, in the opinion of 
Evans and Witwer,- for his is the method of accurate detection, differ- 
ential diagnosis, indication and guide in therapy, and in certain cases 
his may be the healing agent necessary for the optimum result. This 
applies particularly to intrathoracic and more especially to mediastinal 
neoplasms, conditions which were rarely recognized in the pre-Roentgen 
period and, if recognized, could not be successfully treated by methods 
known at that time. 

Mediastinal neoplasms of all t^rpes represented less than 1% of all 
the neoplasms coming under their observation over a 12-year period. 

Primary tumors may originate in the lymph nodes, connective tissues, 
thymus or thyroid gland, and in the bloodvessels of the mediastinum. 
In the lienign group they observed: (1) Cysts (echinococcus, dermoid, 
etc.); (2) ganglionic neuroma; (3) fibroma; (4) chondroma; (5) lipoma; 
(G) aneurysm. Pathologists vary in opinion as to the histogenic nature 
of many of the malignant neoplasms, but, for practical purposes, they 
have found a satisfactory grouping to be: (1) Lymphoma (Ijunpho- 
sarcoma, pseudoleukemia, aleukemic leukemia, malignant granuloma. 
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Hodgkin^s disease and thyrnoma) ; (2) sarcoma, as a rule originating 
from areolar eonnective tissue (fibrosarcoma, spindle-cell sarcoma and 
alveolar cell sarcoma); (3) carcinoma of thymic and thyroid origin; 
(4) teratoma. The essential clinical features are well known, but they 
particularly mention some unusual clinical featm-es as they enter into 
the technique of Roentgen therapy. Very large tumors, in addition 
to the symptoms of respiratory embarrassment, may produce marked 
edema of the neck and face. Since heavy radiation treatment may 
increase edema and respiratory difldculty, it sometimes appears advis- 
able to resort to the fractional method of treatment with smaller doses 
in cases in which the indications for such a procedure exist. Hemor- 
rhage is a relatively rare but important complication in tumors primary 
in the mediastinum. 

Roentgen examination should include fluoroscopic and roentgeno- 
graphic examination, in the latter a study in the lateral position is 
most important. In addition to the information regarding the size, 
shape, configuration and location of tumors, secondary changes may 
be demonstrated which are the effect of pressm’e changes on smTOunding 
structures. Outstanding among these are atelectasis of all or part of 
one or more lobes, and pleural effusion, the latter is not necessarily 
an indication of pleural metastases, it can be the result of pressure. 

In their experience, shadow changes produced by some of the medi- 
astinal tumors are not always constant and expansile pulsation is not. 
always a safe index of an aneurysm in differential diagnosis. Visual- 
ization of the esophagus with the aid of barium, to detect encroachment 
upon its lumen, the intratracheal installation of lipiodol and the induc- 
tion of pneumothorax to better define the tumor are aids in diagnosis. 
For the past 10 years an increasing effort has been made to utilize the 
variation in the radiosensitivity of mediastinal tumors as a guide in 
their differential classification. The largest dose over the tumor which 
can be tolerated without injury to the normal tissue (as a rule, 110 to 
130% skin unit dose) is given, the variation in response of tumors is 
then estimated and used as an index. From the response to radiation, 
certain conclusions may be formed concerning the morphologic nature 
of the tumors irradiated. Tumors arising from the lymphocytic cell 
element, such as lymphosarcomas, thymomas, pseudoleukemias and 
lymphatic leukemias, will entirely disappear within from 4 to 10 days 
following the administration of a therapeutic test dose. Tumors orig- 
inating from the reticulo-endothelial cells of the mediastinal lymph 
glands and the thymus, such as Hodgkin’s disease, Sternberg type of 
hyperplastic tuberculosis, and endothelioma, respond more slowly, being 
reduced within 10 days following the administration of a therapeutic 
test dose to one-half their original size, and disappear entirely’- in about 
6 weeks or longer following the treatment. Primary mediastinal 
tumors having their origin from the areolar tissue (such as fibrosar- 
coma, large round cell sarcoma, carcinoma of the thymus and thynoid 
glands and teratomas) show some reduction in size following exposure, 
but rarely disappear at the end of 6 weeks. Benign tumors of the 
mediastinum (lipoma, chondroma, fibroma, neuroma, dermoid) or 
pseudo tumors (aneurysm, mediastinal abscess, mediastinal effusion) 
vith the exception of fibroma, -which responds very- slowly-, are not 
influenced by radiation. 
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Extrapulmonary Tumors of the Thorax. Pierce^ divides these into: 
(1) Tumors of the thoracic wall proper, which include lipoma, fibroma, 
mj'xoma, chondroma, osteochondroma and angioma in the benign group 
and chondrosarcoma, osteochondrosarcoma, osteogenic sarcoma of the 
ribs, “giant sarcoma,” myxo-angio-endothelioma in the malignant 
group. Metastatic malignant neoplasms may involve the thoracic 
wall. Ganglioneuroma and neurofibroma (neurinoma) occur rarely in 
the thorax, the former will appear predominantly in the posterior or 
paravertebral gutter or the mediastinum, the latter most commonly is 
associated vdtli the intercostal nerves. The neoplasm tends to be 
either sessile or nodular in the thoracic parieties or globular when found 
in the posterior gutter or mediastinum. 

Tumors of the pleura of extrinsic origin include chiefly metastatic 
malignancy, echinococcus cyst, tuberculoma and fibrinoma, those of 
intrinsic origin, endotheliomas and the connective tissue tumors such 
as chondromas of the phrenic pleura, are rare. Lesions which properly 
do not arise from the thoracic wall or pleura, but which may present 
Roentgen changes by pressure or invasion in the wall or pleura are 
chiefly aneur}’’sms of the innominate artery, new growths from embry- 
onal rests (teratoma) and the so-called “superior pulmonary sulcus 
tumor” (which is probably a primary carcinoma from the pulmonary 
apex). 

Harrington® surgically treated 47 extrapulmonary intrathoracic 
growths, of which 26 were benign and 21 malignant. Of these growths 
15 were considered to have originated from the spinal root or intercostal 
nerve sheaths and were grouped under the general term, perineural 
fibroblastoma. Eleven were classified pathologically as neurofibromas, 

2 as cellular fibromas and 2 as fibrosarcomas, which probably were 
benign tumors originall}' but had undergone malignant change. Twelve 
were histologicallj’’ designated teratomas, 5 of these as dermoid cysts 
because their structure consisted essentiallj’’ of ectoderm, in another 
4 the tissue elements were derived from all 3 of the germinal layers, 
and a 5th showed such a high degree of organoid structure that it was 
designated as a fetal parasite; the remaining 2 of this group were 
squamous cell epitheliomas, evidently primarily benign tumors that 
had tmdergone malignant change. 

Two chondromas and 1 osteochondroma completed the series of 
benign lesions; 1 chondroma was practically within the thorax and was 
discernible in the anterior portion of the thorax because of the marked 
calcification of the growth; in the other a moderate sized external mass 
presented in the anterior wall of the thorax, but the major portion of 
the tumor was in the thorax and filled practically two-thirds of the 
thoracie cavity with chondromj’xomatous material which was definitely 
encapsulated. The chondro-osteoma involved one entire rib from the 
sternum to the spine. 

Six cases in the series were classified pathologically as endothelioma; 

3 of these originated in the parietal pleura, 1 in the visceral pleura, 1 in 
the anterior mediastinum and 1 in the posterior mediastinum. 

In 1 1 cases the tumors proved to be sarcoma; in 7 the tumor originated 
in tlie bony structures of the wall of the thorax and in 4 it had its 
origin in the ribs close to its attachment to tlie vertebra. 

Tlie benign tumors summarized were: neurofibroma, 11; cellular 
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fibroma, 2; dermoid cyst, 5; teratoma, 4; fetal parasite, 1; chondroma, 2; 
and chondro-osteoma, 1. Of the malignant lesions 2 fibrosarcomas were 
considered primarily benign perineural fibroblastomas that had under- 
gone malignant change, 2 squamous cell epitheliomas as teratomas 
that had originated as benign tumors and had undergone malignant 
change. The remaining malignant tumors were: endothelioma, 6, 

and sarcoma, 11. a • r 

In his experience, roentgenography plays an important role in the 
recognition and differential diagnosis of these growths in many of 
which surgical treatment offers the greatest hope for complete eradica- 
tion of the disease. The clinical manifestations of these tumors are 
often meager and rarely pathognomonic, although they are always of 
value when correlated with the roentgenologic findings in establishing 
a final diagnosis. A study of early cases has proved that a relatively 
high percentage of the lesions is benign, hut he believes that these 
■ tumors are potentially malignant. 

The roentgenologic technique suggested is similar to that already 
mentioned-, also the use of radiation therapy as an aid in differential 
diagnosis. 

As evidence that the perineural fibroblastomas (commonly neuro- 
fibroma) are the most silent tumors within the thorax when they ai^e 
benign, he states that 4 of the 15 were incidental roentgenographic 
findings during the course of a general examination. When these 
tumors do produce symptoms they are usually pressure symptoms due 
to mechanical interference as a result of location and increasing size. 
If these tmnors xmdergo malignant change, pain becomes a feature, - 
rather marked and more severe at night. These growths were the most 
common in the posterior mediastinum in his series, 13 of the 15 were 
located, here, one was a dumb-bell or hour-glass tumor situated in the 
posterior mediastinum and the spinal canal and one was situated in 
the lateral wall of the thorax. 

Roentgenographically they usually present a circumscribed 'shadow, 
rounded in contour, with a sharp border, situated usually in the pos- 
terior mediastinum. Sometimes the tumor is lobulated, but the borders 
are practically always sharply outlined. In those cases in which the 
tumor arises within the intervertebral foramen or spinal canal, the 
pedicles and laminse of the vertebras on the affected side are eroded 
and n^ay be completely destroyed. There is enlargement of the inter- 
vertebral foramen, and as the tumor enlarges in the posterior medi- 
astinum, sufficient pressure may be exerted to produce widening of 
the intercostal spaces and pressure erosion of adjacent ribs. 

The lesion most commonly to be considered in the differential diag- 
nosis of this group of tumors is aneurysm of the arch or descending 
portion of the aorta; roentgenoscopic examination of the thorax will 
usually determine w'hether the shadow is expansile or non-expansile. 
barcoma originating from the vertebrm or ribs can usually be differ- 
entiated because of the more extreme pain and the infiltrating destrue- 
tn-e tjqie of erosion of the involved ribs and vertebrm. Endotheliomas 
originating in the posterior mediastinum in early cases may be difficult 
to differentiate from neurofibromas, as endotlieliomas are practically 
sj-mptomless, in later cases their roentgenographic image is irregular 
m outlme and the pleural effusion may be bloody. Pleural effusion 
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may be associated with any of these tumors, although it is not common. 
A tumor may be the cause of a pleural effusion and a benign tumor may 
be associated with a bloody effusion. 

The teratoma group are the most .common type of tumors in the 
anterior mediastinum; 11 of the 12 tumors in his series originated 
here. In 5 cases the tumor extended into the left thoracic cavity, in 
4 into the right, and in 1 into both the right and the left thoracic cavities. 
The fetal parasite was confined to the anterior and superior mediastinum 
and presented just above the suprasternal notch. In the remaining 
case the tumor apparently^originated in the right side of the diaphragm, 
and it may have originated from cell occlusion with improper fusiop of 
the septum transversum and pleuroperitoneal membrane at the time 
of closure of the diaphragm. The usual clinical course in these cases 
is essentially that of an inflammatory lesion, consisting of pain in the 
mediastinum and dyspnea, and with a sense of pressure, often associ- 
ated with a sore throat, which is commonlj'’ diagnosed clinically as 
plemdsy and pneumonia. 

The roentgenologic manifestations of these growths are not as clear 
cut as those of other tjT)es of tumor and, even after the most exliaustive 
roentgenologic study, a definite diagnosis cannot be established. One 
of the main reasons for this difficulty is the marked inflammatory 
reaction which is often present, which produces a change simulating 
an inflammatory or infiltrating type of lesion in the structures sur- 
rounding the growth, often obscuring the definite outline of the tumor. 
The outline of the tumor may be hazy and infiltrating in character 
when viewed in one plane, but may show a rounded contour when 
viewed in another. Some may be cystic, and a definite fluid level 
may be visualized with its surrounding sac. On roentgenoscopic exam- 
ination most of the growths present a transmitted pulsation due to 
their attachment to the pericardium at the base of the great vessels 
and great care must be exercised in differentiating these lesions from 
aneurysms of the arch or descending aorta. 

Radiotherapy as a therapeutic test is often of aid in establishing a 
diagnosis by ruling out the presence of lymphoblastoma, which is one 
of the most common tumors to be considered in the differential diag- 
nosis. Other conditions to be considered in the differential diagnosis 
are tlijunoma, substernal goiter and mediastinal abscess. There is no 
distinctive roentgenologic manifestation of endotheliomas, because of 
the great variation in size and character roentgenography has its 
greatest value in determining the extent and exact situation of the 
growth and in ruling out the complications that might contraindicate 
surgical intervention. 

The outstanding sjTnptom associated with sarcoma is pain, first 
intermittent in character and later becoming more or less constant; it 
is often more noticeable at night, and usually severe in tjT)e. The 
roentgenographic image shows dissolution of the bone contour, destruc- 
tion of bone and secondary involvement of the surrounding soft tissues. 
In cases where neurofibroma has undergone malignant change, it may 
be impossible to make a definite diagnosis on roentgenologic findings 
or clinical symaptoms. 

Although roentgenologic studies of the thorax may be said to give 
the most important evidence in the clinical diagnosis of intrathoracic 
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tumors, they are of even greater importance in those cases which are 
considered for surgical treatment, not only for their assistance in the 
selection of operable growths, but also because of their aid in deter- • 
mining the most accessible type of approach to the tumor as well as 
the presence of conditions that might after operation become com- 
plications. ^ . . 

In a study of aneurysms of the innominate artery it was quite appar- 
ent that the diagnosis of aortitis must first be made. Warfield® found 
they do not occur without involvement of the aorta. The innominate 
aneurysm can be described as a superior mediastinal tumor arising on 
the right side at the upper level of the arch of the aorta and extending 
above the inner end of the clavicle. In extremely large aneurysms the 
shadow will extend over the left side. Compression of the trachea is 
a constant finding, displacement of the trachea to the left is not com- 
mon. This compression, together with constant beating against the 
trachea, frequently produces decubitus ulcers. Expansile pulsations 
were elicited in only 1 of 20 cases, organized thrombus was found in 
the aneurysmal sac in 12 cases that were autopsied. Transmitted pulsa- 
tion was seen in nearly every case. In differential diagnosis, a saccular 
aneurysm arising from the upper portion of the right aortic arch lacks 
the characteristic semicircular contour of an aneurysm of the innom- 
inate artery. It does not produce compression of the trachea nor does 
it present a palpable transmitted pulsating mass in the supraclavicular 
space. A unilateral substernal thyroid on the right side depresses the 
arch of the aorta downward and displaces the trachea to the left, 
widens from below upward, moves with the trachea and shows no 
transmitted pulsation. Dermoid cyst and tuberculosis rarely cast 
similar shadows. 

Cysts of the Lung. DubroAv^ reviewed the literatm-e on congenital 
cysts of the lung and grouped these lesions under two divisions; (1) 
symptomatic and (2) asymptomatic. The latter embraces those soli- 
tary or multiple cysts with an open bronchial connection which is 
frequently discovered during roentgenographic examination for some 
other condition. The theories of their etiology explain to an extent 
the roentgenologic findings. Defective embryologic development of 
the bronchi results in complete or incomplete stenosis of the main 
bronchus or bronchi, usually of the upper lobe, with distal dilatation 
of the end bronchus; defective embrymlogic development of the areolar 
' tissue (alveolar agenesis) which leaves the bronchi unsupported and 
causes them to be unduly dilated; and defective embr 5 mlogic develop- 
ment of the ‘lymph vessel systems of the corresponding lung occur. 
The cysts may be filled with fluid if the deformed bronchus is com- 
pletely occluded, if incompletely stenosed they will contain air. 

The condition may simulate bronchiectasis, pulmonary^ atelectasis 
and spontaneous pneumothorax. Lipiodol injection will demonstrate 
extensive sacculation in contradistinction to acquired massive pul- 
monary atelectasis in cases in which the main bronchus is completely 
obstructed. The roentgenogram in cystic lung fails to show any evi- 
dence of collapsed lung, the entrapped air being intrapulmonary. 
Cysts of the lung may be solitary or multiple, or one entire lung may 
be the seat of cystic degeneration. Schenck and Stein® reported a case 
of a solitary non-expansile fluid cyst in an infant 5 weeks old with no 
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s^^nptoms referable to the chest. During a bout of vigorous coughing, 
the infant raised some thick, tenacious fluid. Roentgenographic exam- 
ination revealed a horizontal fluid level with air above, which suggested 
a rupture of the cyst into a neighboring bronchus or bronchiole. Finally 
the cyst, entirely replaced by air, collapsed and the lesion spontane- 
ouslj' disappeared. 

Before the advent of roentgenography the condition was seldom, if 
ever, recognized during life. Occasionally it is necessary to induce a 
pneumothorax to establish the diagnosis of congenital cystic lung. 
Diaphragmatic hernia or eventration can readilj'' be excluded by roent- 
genoscopic examination after the oral administration of barium. 

Charles G. Sutherland, M.D, 
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URINE FORMATION IN THE AMPHIBIAN KIDNEY.* 

By a. N. Richards, Ph.D., 

PROFESSOR OP PHARMACOLOGY, UNIVERSITY OF PENNSYLVANIA, 

AND 

Arthur M. Walker, M.D., 

ASSISTANT PROFESSOR OF PHARMACOLOGY, UNIVERSITY’ OF PENNSY’LVANIA, 

PHILADELPHIA, PA. 

It has been known for some 60 years that the frog’s kidney offers 
opportunities to the physiologic experimenter which are not afforded 
by the more compact, inaccessible and intricate mammalian kidney. 
The first practical recognition of these opportunities was made by 
Nnssbaum* who, in 1878, showed that the double blood supply of 
the frog’s kidney might make possible the separate study of the 
functions of the glomerulus and of the tubule. He ligated the 
renal arteries, leaving the capillary circulation of the tubules by 
way of the renal portal vein intact; found that after injection of 
urea urine was formed and concluded therefore that the epithelium 
of the tubules contains a secretory mechanism. This famous exper- 
iment, refined by Beddard and Bainbridge,^ seemingly unambiguous, 
has formed one of the firmest supports of the doctrine of secretion 
by the tubule. 

Thirty years later Cullis^ utilized the double circulation of the 
frog’s kidney in a somewhat different w’ay by inventing the method 
of double perfusion. Inserting one cannula into the aorta and 
another into the renal portal Y^ein or its collateral, the anterior 
abdominal vein, she showed the possibility of presenting to the 
tubule of the surviving kidney sub.stances which were not contained 
in the fluid which was perfused through the glomeruli. This 

* A locturc delivered lieforc the Harvey Society by A. XT. Richards, Januarj’ 17, 1935. 
voi.. 1!>0, NO. G. — DECEjmKn, 1935 
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method, subsequently perfected, has been ividely adopted particu- 
larly in the study of problems of secretion by the renal tubule. 

The development of another method for which the frog’s kidney, 
because of its translucency is particularly suited, began in 1920 
when, in Leonard Hill’s laboratory in London® and in our labora- 
tory in Philadelphia,® this structure was subjected to microscopic 
study during life. Hill’s problem was that of the blood pressure 
in the glomerular capillaries; ours, the behavior of the glomerular 
circulation during the action of minute concentrations of adrenalin. 
Hill confined his study of this preparation to his original problem. 
In our laboratory a plan developed to attempt the withdrawal by 
capillary pipettes of fluid from single renal units at different levels 
of the nephron in the hope that chemical tests or analyses might 
yield a description of urine at various stages in its elaboration.* 
Such a plan, if realized, would, it was thought, tell us unequivocally 
whether glomerular fluid has the composition of a filtrate or whether 
it is the product of selective secretion; whether processes of reab- 
sorption or secretion or both are operative within the tubule and 
in what parts of the tubule they occur. Such information in turn 
might conceivably lead to identification of the means whereby the 
renal mechanisms are regulated and adjusted to meet the excretory 
requirements of the body. 

In the execution of this plan the first point of attack chosen was 
the glomerulus, partly because of its size and accessibility; partly 
also because of the conviction that from the standpoint of orderly 
experimentation with the kidney it is the most important. So 
much of our thinking concerning events which take place in the 
tubule depends for its soundness and fertility upon correct informa- 
tion concerning the volume and character of glomerular excretion 
that no amount of effort seemed too great if this could be secured. 

It was relatively easy to construct a simple apparatus, the essen- 
tial item of which is a sharply pointed micropipette, with which 
Bowman’s capsule could be punctured and minute amounts of 
fluid withdrawn. Nor was it excessively difficult to transfer such 
collected fluids to capillary tubes and to subject them to qualitative 
tests for various constituents. The results were in general accord 
with the postulates of the filtration theory of glomerular function, 
i. c., the glomerular fluid was found not to contain protein, it was 
alkalin, contained urea, chlorid, reducing substance, potassium, 
and certain dyes, if these had been injected before the experiment 
was begun." These results, first obtained with glomerular urine 
from the frog, were confirmed a little later by White and Schmitt® 
with glomerular fluid similarly obtained from Xecturus. 

This demonstrated qualitative resemblance between the gloni- 

* In the initiation and early development of this plan the collaboration of Dr. -I. 
T. IVeam was most important. Later developments have been greatly assisted by 
generous financial support from the Commonwealth Fund. 
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erular fluid and a proteinTfree plasma filtrate was scarcely adequate 
to decide the questions which concerned us; quantitative information 
was necessary; and in getting this, genuine difficulties were encou^- 
tered because of the minute quantities of fluid available for analysis. 
To be useful in this connection a quantitative method must be 
applicable to a volume 'of fluid of the order of 0.5 cmm. or even leps; 
and in the handling of these quantities of fluid rigid precautions 
must be adopted against contamination and evaporation. Success- 
ful adaptation of existing methods to these requirements has been 
accomplished which makes possible the following quantitative deter- 
minations on from 0.1 to 0.5 cmm. of fluid; total molecular con- 
centration, total electrolytes (electrical conductivity), chlorids, 
inorganic phosphate, glucose, urea, uric acid, creatinin, pH, and 
the dyes ; phenol red; neutral red and indigo carmine. Each method 
was tested rigorously by analyses of pure solutions and its accuracy 
approximately defined. 


Quantitative Analyses of Glomerular Urine and Blood Plasma 
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Fig. 1.— The composition of glomerular urine. Results are shown as percentage 
difTcrences from blood pl.asma or an ultrafiltrate from it. 

Assembled on a single chart (Fig. 1) are the results which have 
been obtained by applying these methods in quantitative compari- 
sons of the composition of glomerular urine and blood plasma. It 
includes work with the 2 species, frog and Necturi and a few 
estimations of uric acid in glomerular urine of snakes. Each circle 
on the chart represents the result of a quantitative analvsis of 
glomerular urine. ^ Its position above or below the abscissa shows 
Its percentage deviation from the corre.sponding value in plasma or 
in an ultrahltrate from plasma. 
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The first section shows results of 32 comparisons® of the total 
concentration of glomerular urine and plasma from the same ani- 
mal, obtained by Barger’s method as adapted by H. L. White^® 
for the purpose of this study. Omitted are White’s earliest figures 
which he now regards as erroneous. In almost every case the 
coi^respondence represents identity. The results show that- in frogs 
and Xecturi the total concentration of glomerular urine and of 
blood plasma are the same, the osmotic pressure being approximately 
equal to that of a 0.6% solution of XaCl. 

The second section shows that the total electrolyte content of 
the two fluids is the same.^^ The third shows that the Cl concen- 
tration of glomerular urine is on the average slightly higher than 
that of plasma.^® The difference is within the errors of method, 
but the consistency of its sign indicates that it is not fortuitous. 
It may be explained bj' a Donnan equilibrium at the glomerular 
membrane. Omitted are earlier determinations by Wearn and 
Richards^® and by Freeman, Livingston and Richards^ by the 
nephelometric method now regarded as unreliable. Included are 
five determinations by Ekehorn^^ made by microtitration according 
to iMohr; the others were made by Westfall and Findley in our 
laboratory by a recently devised development of Isaacs’ colorimetric 
method, found to be exceedingly sensitive and reliable. 

Inorganic phosphates,^® glucose,^' uric acid^® and creatinin'® were 
determined liy capillary tube adaptations of the methods of Kuttner, 
Sumner and Folin. The approximately equal distribution above 
or below the abscissa, the fact that the majority of the figures fall 
within the a\'erage errors of the methods are e^ddence of identity 
of concentration of each of these constituents in glomerular urine 
and plasma. 

C oncentration of phenol red was determined by simple capillary 
tube colorimetry,®® Glomerular urine and plasma from a frog pre- 
viously injected with the dye were made alkalin with XIR vapor 
and intensity of color determined by comparison with standard 
solutions. Only from 60 to 90% (average, 71) of phenol red in 
frog’s plasma is uncombined with protein and hence filterable. In 
each case, therefore, 71% of the total phenol red concentration of 
plasma was taken as the value with which to compare the con- 
centration of phenol red in glomerular urine. The approximately 
equal distribution of the points above and below the abscissa is 
regarded as evidence of the probability that had the correction for 
combined phenol red in plasma been accurately known in each 
experiment, values of phenol red in glomerular urinfe and plasma 
ultrafiltrate would have been more nearly coincident. 

pH was determined by Dr. iMontgoraery®* by collecting in quartz 
capillary tubes glomerular urine from animals previously injected 
with phenol red, due precautions again.st loss of COo being taken. 
Color comparisons were made with standard buffer solutions m 
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quartz capilla,ry tubes containing approximately the same concen- 
tration of phenol red as the glomerular urine. 

The urea estimations constitute one of the most important sec- 
tions of the chart. .Only 6 are included, despite the fact that 
more than 40 other experiments have been made. The reason for 
this is that the analytical method^^ has recently been refined and 
these 6 experiments are the only ones which have since been made. 
In a separate section are shown the earlier results. The crosses 
represent each the result of a microanalysis of a Icnown solution, 
not known to the analyst. Its position with reference to the abscissa 
represents the percentage difference between the concentration 
known and the concentration found. The black circles represent 
similar microdeterminations of urea in glomerular urine, placed on 
the chart so as to show percentage difference from urea in the 
plasma. The first section includes determinations on solutions and 
samples of glomerular urine in which the concentration was less- 
than 5 mg. N per 100 cc. The second from 5 to 20 mg. per 100 cc. 
If it is considered that only 1 analysis is required to define the 
position of a cross, while 2 analyses (1 of glomerular urine and 1 of 
plasma) are required to give the position of each circle, the greater 
spread of the- circles is understandable. These figures indicate 
even more convincingly than do the 6 values in the larger chart 
that the concentration of urea in glomerular urine is the same as 
that of plasma. 

The only conclusion which seems to emerge from this assemblage 
of data is that glomerular urine has the composition of an ultra- 
filtrate from plasma; that were the glomerular membrane a struc- 
ture which could either selectively retard or selectively accelerate 
the passage of a diffusible constituent of the plasma through it, 
in some one of the categories represented in this chart a trend of 
difference between glomerular urine and plasma would be evident. 
Such a trend is seen in the chlorids, but it is in the direction and 
its magnitude is of the order which was' predicted from our knowlege 
of the Donnan membrane equilibrium. The conclusion is that this 
fairly extensive study reveals nothing which indicates that the 
glomerulus is cajiable of secreting. 

Before citing some further information which confirms and ampli- 
fies that already given, it seems necessary to interject two state- 
ments, the omission of which Avould constitute a serious gap in the 
argument. First concerning blood pressures : If the pressure within 
the glomerular capillaries is insufficient to overcome the resistance 
to filtration which the osmotic pressure of the plasma proteins 
presents, the conclusion that the glomerular process is solely one 
of filtration would be absurd. Tlie first measurements of glomerular 
capillary pressure, made by Leonard Hill and McQueen in 1921 ^ 
seemed to make it highly questionable that an effective filtration 
pressure exi-sts in the glomerular capillaries. However, two sub- 
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sequent examinations of this question have been made, one by 
Hayman,”^ the other by White^'* by a method more direct and 
believed to be more trustworthy. The results were as follows: 

Fhogs. (Haymax.) 

HjO, cm. ATCragc. 


Glomerular capillary pressure I0.0to 27,0 20.2 

Plasma colloid osmotic pressure (Churchill, 


Nakazawa and Drinker) . 

. . . 1.6 to 1.3.4 

5.3 

Filtration pressure 

. . . 8,5 to 13,0 

14.9 

Nectcrus. 

(White.) 


Glomerular capillary pressure 

, , . 8,6 to 27.0 

17.7 

Plasma colloid osmotic pressure . 

. . . G.5tol4.2 

10.4 


2,0 to 12.8 ' 

7.3 

Intracapsular pressure .... 

. . . 0.1 to 2.8 

1.5 


Effective filtration pressure 1.9 to 10.0 5.8 


From these figures we conclude that the blood pressure in the 
glomerular capillaries is amply sufficient to effect the separation 
of a protein-free fluid from the blood passing through them. 

Second, we must meet the possible criticism that failure to find 
ei’idence of a secretory process is due to injury produced by the 
experimental conditions. The animals (frogs) as a rule are immo- 
bilized not by an anesthetic but by destruction of the brain. 
In opening the abdomen and arranging the kidney for observation, 
the kidney itself is not touched by instruments and not directly 
exposed until the puncture is about to be made. The general 
circulation and the renal circulation is vigorous; when it is not, 
collection of fluid is impossible. The glomerulus itself is protected 
by the peritoneum and the capsule of Bowman; its vessels are 
bathed inside by flowing blood, outside by continually renewed 
glomerular fluid. Puncture of the capsule can be and usually was 
accomplished without touching the capillaries of tuft with the tip 
of the pipette; suction was not used in the great majority of ipstances 
in collecting the fluid; reflux from the tubule was prevented by 
blocking the neck of the tubule by gentle pressure with a micro- 
scopic glass rod. V\e think that despite the necessary mutilation 
of the animal there is little reason to suspect any consistent direct 
injury to the glomerular structures. 

The further information to which allusion was made a moment 
ago concerns the glomerular excretion of 4 additional foreign sub- 
stances after their subcutaneous or intravenous injection. Two 
of thc.se, indigo carmine and ferric ammonium citrate, are .sub- 
stances the glomerular excretion of which has been denied by those 
who have .studied fixed sections of the kidney excised during their 
excretion.-^ One has only to look at the kidney of a frog during the 
few moments immediately following the intravenous injection of 
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indigo carmine to be convinced that it escapes into the capsule of . 
Bowman of every glomerulus through which blood is vigorously 
flowing. Color comparisons of glomerular urine Ayith_ known solu- 
tions of indigo carmine indicate that its concentration in glomerular 
urine is approximately the same as that of uncombined indigo 
caymine in the plasma. These comparisons have not the degree of 
accuracy of the other determinations listed, hence were not included 

in the chart. . 

In each of 10 exiieriments made by Dr. John Reisinger in which 
frogs were injected with ferric ammonium citrate, iron ivas identified 
in the collected glomerular urine. In 6 experiments in which the 
kidneys were perfused by waj' of the aorta with Ringer’s solution 
containing this substance, the concentration of iron in the glomerular 
fluid was approximately the same as that in the perfusion fluid. 
The reason why quantitative figures are not given is that we have 
not yet succeeded in determining the uncombined, filterable iron 
in plasma. From these facts we believe that the histologic method 
as it has been applied in the past to the study of the glomerular 
elimination of these substances has given misleading results. 

Neutral red is another substance of interest in this connection. 
Perfused in Ringer’s solution through the- frog’s renal arteries, it 
passes into glomerular fluid in the same concentration as in the 
perfusion fluid. Injected intravenously, scarcely detectable traces 
can be found in glomerular urine. The reason is that it is almost 
wholly combined with plasma proteins and hence, except jn traces, 
does not pass through a membrane impermeable to protein. 

The fourth substance, inulin, is in a different category from any 
thus far mentioned. This polysaccharid is non-toxic and can be 
injected intravenously in large amounts. Its peculiar interest arises 
from its high molecular weight, and, it is to be assumed, its great 
molecular-^ize. Haworth estimated its molecular weight at 5000;-'^ 
Irvine at about 3800.'" It is thought to consist of an open chain 
of 29 or 30 levulose units. It is not hydrolyzed by enzymes of the 
aninial body and after intravenous injection in mammals is quanti- 
tatively excreted unchanged in the urine. It was found in a series 
of preliminary experiments that when injected into frogs or per- 
fused through the arteries of a frog’s kidney the glomerular fluid 
contained it in the sajne concentration as that in which it existed 
in the blood or perfusion fluid. The glomerular membrane permits 
the inulin to pass through it as completely and apparently as 
readily as urea or creatinin. 

By testing the filterability of inulin through artificial membranes 
we have tried to arrive at a more concrete description of the glomer- 
ular membrane. The membranes used were collodion, prepared 
according to Greenlierg and Gunther, and DuPont’s Cellophane 
-l;)0 and 000. 1 hrough the collodion membrane, inulin, creatinin 

and NaCl were equally filterable; ?. c., the concentration of each in 
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the filtrate was the same as in the original fluid. Cellophane 450 
allowed only 30% of the inulin to pass through; cellophane 600, 
only 16%; both, however, allowed creatinin and NaCl to pass 
through in their original concentrations. 

If we concei\’e the passage of fluid and solute through the glomer- 
ular membrane to take place through pores in it, we may conclude 
that these pores resemble in size those of the collodion membrane 
and are larger than the majority of those in cellophane. 

From these results with inulin it maj^ be argued that the glomer- 
ular membrane, which permits the filtration of a substance of such 
large molecular dimensions as may presumably be ascribed to 
inulin must, a fortiori, permit free filtration of the far smaller 
molecules of the normal urinary constituents. This argument adds 
support to the conclusion drawn from the analytical data. It is 
similar to one put forward 4 years ago by Ekehorn,^" based partially 
upon the fact that in his experience glomerular fluid collected from 
frogs usually contained large amounts of protein. In essence he 
says: If in the glomerular membrane there are holes large enough 
to permit escape of the huge molecules of protein, that membrane 
can be nothing else than a sieve for such small molecules as those 
of urea, etc. Our experience concerning protein in the glomerular 
fluid differs from that of Ekehorn. The glomerular fluid from 
normal animals contains no protein or only traces. By traces is 
meant from 5 to 20 mg. per 100 cc. These minute amounts of 
protein have been shovm by Dr. Queen in our laboratory to be 
almost invariably mixtures of albumin and globulin. This seems 
to mean that here and there in the glomerular membrane, with its 
rajTiads of pores, each large enough to permit the passage of inulin 
molecules, there may be found a few defects large enough to allow 
whole plasma to pass through; the escape of protein tlirough these 
does not carry any such implication concerning the character of 
the normal membrane, or the normal parts of the membrane, as 
does the fact of the complete glomerular filterability of inulin 
through the entire membrane. 

From the facts and considerations which have thus far been pre- 
sented we conclude that the glomerulus of the amphibian kidney 
is a filter and not a secreting structure. 

How does the volume of glomerular filtrate compare with the 
volume of urine which the kidney excretes? From a single glomer- 
ulus of the ex'posed kidney of a frog we frequently obtain filtrate 
at a rate of 1 cmm. per hour. On several occasions collections 
have been made at rates of from 3 to 4 cram, per hour. In the 
normal, wet, unmolested frog we may believe that the filtration 
rates are higher rather than lower than these. When these rate.s 
are used in calculating the total glomerular filtrate formed per hour 
by the kidneys of a grass frog each of which contains 2000 glomeruli, 
the estimated filtration rate is from 4 to 16 cc. per hour. The higher 
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figure is about 8 times as great as the maximum urine output of 
similar frogs under normal conditions and the lower figure is from 
10 to 20 times as great as the urine output of operated frogs. 

Is the volume of the glomerular filtrate sufficient to contain all 
of the substances which the kidney excretes? In our experienc^ 
limited in this connection, neutral red is the only substance studied 
in the renal excretion of which we have been obliged to assume the 
participation of another mechanism than that of glomerular filtra- 
tion. From figures for the amount of neutral red excreted per hour, 
its concentration in the glomerular urine and the number of glomeruli 
in the kidney it was calculated that from 20 to 57 cmm. of filtrate 
per glomerulus per hour would have been required to contain the 
excreted dye. We do not believe that rates as high as these are 
possible. Hence we conclude that a large fraction of the neutral 
red was excreted by the tubules. Similar calculations from figures 
for phenol red indicated that all of this dye which was excreted 
might have been contained in the glomerular filtrate. These results 
agree with conclusions drawn from Oliver and Shevky^® from 
perfusion experiments. 

Similar calculations can be made from data of Marshall and 
Crane^® concerning the excretion of urea and phenol red in frogs. 
In the great majority of cases, the calculated rates of filtration were 
less than 5 cmm. per glomerulus per hour, and hence do not require 
the assumption that the tubule secretes these substances. Marshall, 
however, on the basis of high concentration ratios, higher concen- 
tration in kidney tissue than in blood and comparisons with the 
excretion rate of xylose, believes that they are in large part secreted 
by the frog’s tubule. We think that the force of this evidence is 
far less than that which he has brought forward showing that phenol 
red is secreted by the tubules of the dog’s kidney 
The question may now be asked whether the conclusion, drawn 
from direct evidence obtained in amphibia, that the glomerular 
process is solely one of filtration, is applicable to the mammalian 
kidney, fronr which as yet no such direct information has been 
obtained. We believe that it is. 

_ Careful comparisons of structure, made with the aid of modern 
histologic methods, reveal no difference which suggests that the 
mammalian glomerulus is a secretory apparatus. On the contrary, 
the epithelial investment, particularly the epithelial nuclei, are more 
conspicuous in the glomeruli of amphibia than in those of mammals. 

It is unnecessary to review the mass of older evidence, chieflj’^ 
mdirect, which has led the majority of physiologists to accept the 
filtration doctrine. We wish, however, to add to this evidence 
some recent observations of our ovm which have greatly strength- 
ened our conviction in this regard. They concern the excretion of 
inulin by the dog’s kidney. 

Inulin has already been described as a polysaccharid of molecular 
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weight of the order of 3800 to 5000 and presumably of large molecu- 
lar dimensions. It is not hydrolyzed in the animal body and has 
been demonstrated to be filterable through the frog’s glomerulus'. 
Injected intravenously into a toadfish it is not excreted in the 
urine, i. c., it is not secreted b.y the tubule of the aglomerular kid- 
ney. The frog’s kidney is unable to excrete it when, in a double 
perfusion experiment, it is contained in the fluid which flows through 
the intertubular capillaries but not in that flowing through the 
glomerular capillaries. When injected intravenously into a dog it 
is excreted quantitatively in the urine with astounding rapidity 
and often in concentrations amazingly high.®^ For example in one 
dog, 14.5 gm. was injected intravenously. Urine passed in the 
following 11 minutes contained 5.5 gm. (38% of the injected dose).. 
In the 43 minutes following the end of the injection the kidneys 
had excreted 10.2 gm. (70%). In several experiments the con- 
centration of inulin in the urine has been found to be as high as 36%. 

To prove that this remarkable performance is the result of glomer- 
ular filtration solely, it is necessary to show that the tubules of the 
dog’s kidney do not secrete it into their lumina. To get evidence 
concerning this we ha^'e used the elassieal experiment of Heidenhain 
which has been one of the chief bulwarks of belief in tubular secre- 
tion. A dog's blood pressure was reduced by section of the spinal 
cord to a level of 30 mm., i. c., a level at which glomerular filtration 
may be believed to have ceased. Inulin was then injected intra- 
venously. After 20 minutes, during which blood pressure did not 
rise above 35 mm., the vessels of one kidnej’’ were perfused, first 
with some of the dog’s own blood, taken before the inulin injection, 
in order to wash out the inulin-contain'ing blood, then with warm 
oxygenated Locke’s solution for the few minutes required to get a 
small amount (0.5 cc.) of urine from its ureter. This urine con- 
tained no detectable trace of inulin. Analysis of the cortex of the 
kidney showed that the concentration of inulin in it was far lower 
than that in the blood plasma. These results, absence of inulin 
from urine and low concentration in kidney tissue, give evidence 
that the low blood pressure prevented glomerular Mtration and 
that no inulin was secreted by the tubules. That the tubules during 
that period were capable of secreting was shown by the behavior 
of phenol reri which was injected intravenously along with the 
inulin. The cortex contained the dye in concentration nearly 
double that of the plasma and the urine obtained by perfusion of 
the kidney after its excision contained significant amounts. 

If the conclusion drawn from these experiments is true, namely, 
that in the dog the glomerulus is the sole renal pathway of escape 
of inulin from the blood, it follows from the rapidity with which 
it is excreted that the volume of the glomerular filtrate is vastly 
greater than that of the urine which leaves the kidney. In one 
e.xperiraent on a dog weighing 17.5 kg., the volume of glomerular 
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filtrate calculated from the plasma and urine concentrations and 
the amount of inulin excreted per minute varied between b4 and 
114 cc. per minute. The corresponding rates of urine excretion were 
1.8 and 5 cc. per minute. From these figures and Ivunkel’s esti- 
mates of the number of glomeruli in the dog s kidney^® it was cal- 
culated that 5 to 7 cmm. of filtrate per glomerulus_ per hour were 
formed. These figures are easily credible when it is recalled that 
as much as 4 cmm. per hour have been collected from a single 
frog’s glomerulus. 

Another substance the excretion of which has long been employed 
in similar calculations of the rate of glomerular filtration in mam- 
mals is creatinin. E,ehberg,^‘‘ in 1926, accepting Cushny’s hypoth- 
esis that all of the normal constituents of urine are separated from 
the blood by glomerular filtration only, chose creatinin, the con- 
centration of -which in urine is highest relative to plasma, as the 
substance whose rate of excretion would most trutlifully show the 
volume of glomerular filtration. If the validity of his assumptions 
is granted, the amount of creatinin excreted per minute divided 
by the amount contained in 1 cc. of plasma should give the number 
of cubic centimeters of glomerular filtrate per minute; and if our 
conclusion with respect to inulin is correct the results of the cal- 
culations from the excretion of creatinin and of inulin should be 
the same. In a series of experiments with dogs, inulin and creatinin 
were injected simultaneously.^- Calculations of the glomerular 
filtration rate from the urine and plasma values of each substance 
. gave approximately the same value. On the average the plasma 
clearance of inulin was about 10% higher than that of creatinin. 
The inference from this is that in the dog both inulin and creatinin 
leave the blood by filtration but that a little creatinin goes back 
into the blood as the filtrate flows down the tubule.* 

In 1932 Jolliffe, Shannon and Smith®^ proposed that the plasma 
clearance of the non-metabolized sugar, xylose, is a more correct 
measure of glomerular filtration in mammals than that of creatinin. 
The reasons for the preference lay in the fact that creatinin is 
excreted by the tubule of the aglomerular fish while xylose is not 
and in the belief that xylose cannot be reabsorbed from the renal 

* Our experiments wth inulin were begun in March, 193.3, as the result of the 
desire to find a substance which would not escape from the lumen of the tubule 
either by active reabsorption or passive diffusion. It soon became ob^^ous that a 
study of its excretion by mammals might throw light on the question of the indirect 
measurement of glomerular filtration in mammals and accordingly the experiments 
wth dogs were Iwgun. In Octoljer, 1934. we learned that Professor Homer W. 
Smith and Dr. James F. Shannon had independently inaugurated work with this 
substance at alwuf the same time and had completed a series of studies more extensive 
than ours. Their experiments wth dogs showed even more consistently than ours 
that the clearance of inulin is the same as that of creatinin and greater than that of 
xylose. It is a pleasure to acknowledge the help which we have since received from 
conversations with Professor Smith and improvements in technique of our experi- 
ments which Dr. Shannon assisted us in making. The results which they have 
obtained in dogs are published in the American Journal of Physiologj’, 112, 405, 1935. 
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tubule. Their work inth xylose led to the conclusion that a con- 
siderable fraction of creatinin is secreted from the blood into the 
tubule and hence that its excretion does not give a valid measure 
of glomerular function. ^Our finding that inulin clearance is the 
same or greater than that of creatinin and decidedly greater than 
that of xylose gives reason for belief that xylose is reabsorbed from 
the tubule; that less of it is excreted by the kidney than is filtered 
from the blood in the glomeruli. > 

Study of the excretion of inulin and creatinin by the dog has 
yielded information which affords an interesting comparison of the 
function of glomerular capillaries with that of the systemic capil- 
laries. In the experiment cited in which 14.5 gm. of inulin were 
injected intravenously, 38% of this was excreted in 11 minutes; 
another 32.5% in the ^following 32 minutes. Two and four-tenths 
grams of creatinin were simultaneously injected. Only 16% was 
excreted in the first 11 minutes, and 17% in the next 32 minutes; 
yet the plasma was being cleared of the two substances at approxi- 
mately the same rate. This difference in the rates of actual excre- 
tion by the kidney is due to the fact that a much greater fraction 
of the injected creatinin than of the injected inulin passed out of 
the blood into the tissues. As has been stated, when a solution of 
inulin and creatinin is filtered through a collodion membrane with 
pressure, both substances pass through at the same rate; but when 
a solution of the two is dialyzed through collodion, it is found that 
creatinin passes through faster than inulin. From this it is clear ^ 
that in the dog while inulin and creatinin were passing through the 
walls of the glomerular capillaries at approximately the same rate 
in relation to their concentrations in the plasma, creatinin was 
moving through the walls of the systemic capillaries faster than 
inulin. This is, of course, what is to be e.vpected if, as we believe, 
the glomerular process is purely one of filtration while. that in the 
systemic capillaries is a combination of filtration and diffusion. 

Changes Which the Glomerular Filtrate Undergoes in Its Passage 
Through the Tubule.* The methods developed for the collection 
and analysis of glomerular fluid have proved to be 'applicable to 
the study of tubular fluid. Tubules have been punctured at various 
levels, the sites of puncture being identified either by observation of 
the kidney during life or after its excision at the end of an experi- 
ment. In the latter case the lumen of the punctured tubule was 
filled with India ink, the kidney immediately excised and dehydrated. 
After clearing, a scale drawing of the ink-injected tubule was made, 
and the distances of puncture hole from the ends of the section 

* The results outlined in this section have not yet Ireen published in detail. The 
c.xperimcnts on the reaction of tubule fluid were made by Drs. Hugh Montgomciy 
and J. A. Pierce: the others were made in collaboration with Drs. C. L. Hudson, 
T. P. Findley and J. P. Hendrix. Abstracts may be found in the American Journal 
of Physiologj- (Proceedings), 109, 03, 70, S7, 107, 1934. 
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of the tubule in which it was found were measured.* Thus, in 
many experiments the distance within the lumen of the tubule 
which had been traversed by the fluid before it was collected was 
aecurately known; in the others it was approxiniately known. 

The manipulative difficulties are greater than in glomerular pune- 
ture and colleetion of glomerular urine. This is particularly true 
in work with the frog’s tubule because of its small size, its great 
tortuosity and because of the difficulty of distinguishing between 
the proximal and distal convolutions in the living tissue. Tor this 
reason the greater number of experiments have been made with 
Necturi in whieh the tubule is larger and less complex in arrangement. 

It was obviously important not to draw fluid into the collecting 
pipette from parts of the tubule distal to the site of puncture. This 
mistake was avoided by injecting a globule of mercury or of mineral 
oil colored with Scharlach R in such a way that the lumen of the 
tubule was obstructed by it at a point immediately distal to the 
point of the pipette. 

In one group of experiments it was desired to introduce into the 
tubule an artificial fluid of known composition at one point; take 
it out for analysis at another. Omission of one plasma constituent 
from the fluid made it possible to learn whether or not that eon- 
stituent can come in from the blood; addition of it in exeess made 
it possible to learn whether it was reabsorbed into the blood. 

The fashion in whieh such perfusions of the lumina of single 
tubules were accomplished can be illustrated by describing the 
method of perfusing a proximal tubule in Necturiis. Enough metallic 
mercury was injected into a renal corpuscle to fill the capsular 
space, the neck and about 0.5 mm. of the beginning of the proximal 
tubule. This abolished glomerular filtration. The pipette was then 
filled with the perfusion fluid and its tip inserted into the lumen of 
the mercury-filled portion of the tubule. Injection of a little fluid 
caused the mercury column to break and a globule of mercury to 
be driven to the distal end where it was arrested by the narrowness 
of the intermediate section. Injection was interrupted and a 
second pipette inserted at a point proximal to the mercury blocking 
the distal end. Fluid from the first pipette was then allowed to 
flow through the tubule at a slow rate and was collected in the 
second pipette. 

The experiments thus far undertaken concern the reabsorption 
of water, chlorid and glucose, the change in reaction and changes 
m the concentrations of inorganic phosphates, urea, uric acid and 
creatinin. The task has been to measure the changes and to identify 
the parts of the tubule in which they occur. In every experiment 
blood was collected at nearly the same time as the tubule fluid 
and the plasma analyzed along with this. On the basis of the 

* These identifieations were inadc by Dr. R. T. Kempton. 
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analyses of glomerular urine presented aboAm, it is assumed through- 
out that the concentration of any constituent studied is the same in 
plasma and in the glomerular filtrate from it. In the accompanying 
charts the results are plotted as percentage differences between 
plasma and tubule fluid. 

1. Water. The discrepancy between the volume pf urine which 
leai'es the kidney and the volume of the glomerular filtrate, cal- 
culated from the amount of fluid which can be collected from a 
single glomerulus, is such as to give presumptive evidence of the 
reabsorption of a large fraction of the glomerular filtrate as it 
passes through the tubule. More direct evidence of water reabsorp- 
tion has been obtained by observing the increase in intensity of 
color which takes place in a phenol red solution injected into and 
allowed to remain in a single tubule of the frog’s kidney. In this 
experiment the chief site of water reabsorption appeared to be the 
proximal part of the distal tubule. Some, however, of the water 
which is reabsorbed passes out through the wall of the proximal 
tubule. This is shown by the greater difficulty which is encountered , 
in collecting fluid in volume sufficient for analysis from the distal 
end of the proximal tubule than from the glomerulus or levels of 
the tubule nearer to it. It is also shown by the observation that 
when Ringer’s fluid was perfused through the lumen of a proximal 
tubule at a rate and pressure comparable to those of a normal glomer- 
ular fluid, the amount collected was significantly less than the 
amount introduced. Further evidence in this category will be 
found in the figures for concentration of glucose in fluid collected 
from proximal tubules of animals poisoned with phlorhizin. 

Concerning the possible secretion of fluid into the proximal 
tubule it can be said as the result of several trials that in Necturus, 
after glomerular filtration had been purposely abolished, attempts 
to collect fluid from the proximal tubule failed. 

2. Total Concentration; Chlorid Concentration. The results shown 
graphically in Figure 2 pro^’■e that the activities of the tubule which 
are responsible for the hj’potonicity of amphibian urine and the 
absence of chlorid from it occur in the distal and not in the proximal 
tubule. The number and consistency of the results and the fact 
that they have been obtained with frogs as well as with Necturi 
leave little room for doubt as to the essential correctness of this 
statement. 

It seems necessary to call attention to the difference between 
this conclusion and that reached by White and Schmitt® from 
observations made in 1926. By intracapsular injection they filled 
the lumen of a tubule of Necturus with a suspension of dog’s red 
blood corpuscles stained with methylene blue. The blue stain 
could be seen in the tubule but no corpuscles could be discerned 
in it. They e.xpressed the belief that the cells were “almost instan- 
taneously’’ laked because of reabsorption of chlorid ' from the 
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injected fluid and that this must have occurred in the proximal 
tubule. We are sure that these observations were faulty*’ and 
regard it as regrettable that they have been accepted without 
confirmation by other experimenters. 

Perhaps attention should be called also to an apparent incon- 
sistency between our determinations of the total molecular concen- 
tration and chlorid concentration in fluid from the proximal tubule. 
The chlorid concentration seems to be slightly greater, the total 
concentration slightly less than those of plasma. The inconsistency 
lies in the fact that chlorid is the predominant factor in the total 
•concentration. At present we can offer no other explanation for 
this than minor technical imperfections. 


Chlorid amd 
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Fig. 2 . — Total molecular concentration and chlorid concentration of fluid from 
the renal tubule. Distances along the abscissa indicate sites of collection. The 
results are sho"wn as percentage differences from blood plasma. Arro'ws represent 
a'verages. 


3. The Reaction of Tubzile Fhiid. Figure 3 shows the results of 
experiments by Drs. Montgomery and Pierce in which the pH of 
tubular fluid was determined by means of a microquinhydrone 
electrode.^® It is clear that no significant change in reaction of 
the fluid occurs during passage through the proximal tubule; acidi- 
fication, presumed to be due to reabsorption of bicarbonate, takes 
place exclusively in the distal tubule. This confirms a less precise 
observation made several years ago in which a phenol red solution 
introduced into a frog’s tubule, was seen to change in color from 
red to yellow only after it had passed into the distal third of the 
entire tubule. 


Since this was written wc have made careful repetitions of the experiments by 
n liite and Schmitt. The obser\'ations, which will be published elsewhere in detail, 
completely fail to agree -vrith theirs. 
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4. Glucose. Figure 4 shows the concentrations of reducing sub- 
stances in fluid taken from various levels of the tubule. Glomerular 
fluid contains glucose in the same concentration as plasma. No 
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Fig. 3.— pH determinations of fluid from the renal tuhule, shown as differences 

from those of plasma. 
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Fig. 4.— Reducing substances in fluid from the renal tubules shoira as percentage 
differences from plasma. Open circles, normal Necturi; open squares, normal frogs; 
black circles, plilorhizinizcd Necturi. Arrows represent averages. 


change occurs in passing through the neck of the tubule; the con- 
centration diminishes rapidly as flow through the pro.vimal tubule 
proceeds. When half of its length has been traversed the concen- 
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tration may be as low as it is in ureteral urine. The capacity of 
mediating the selective reabsorption of glucose is not hoivever lim- 
ited to the proximal half of the proximal tubule; for when Ringer’s 
solution containing glucose is slowly perfused through the distal 
half of the proximal, the sugar disappears from it. When, however, 
a glucose solution is perfused through the distal tubule its concen- 
tration remains the same or increases. The sole site of selective 
glucose reabsorption, therefore, is the proximal tubule. 

In Figure 4 is also shown a series of results which were obtained 
by analyzing tubule fluid from animals poisoned with phlorhizin. 
Since it is known that phlorhizin does not affect the glomerular 
filtration of glucose,i^ the meaning of these results is unmistakable. 
The action of phlorhizin on the kidney whicli results in glycosuria 
consists in abolition of the capacity of the cells of the proximal 
convoluted tubule to effect the selective reabsorption of glucose. 
This statement which agrees ivith current belief is based upon 
evidence more direct than that previously available. 

The further question arose whether during the action of phlor- 
hizin glucose, having reached a concentration in the tubule higher 
than that in the blood, can diffuse from the tubule into the blood. 
Does phlorhizin prevent passive diffusion as well as active reabsorp- 
tion of glucose from the tubule? The question is important, for 
if it does, then the assumption, made by some workers in this field, 
that in phlorhizin poisoning all of the glucose contained in the 
glomerular filtrate leaves the kidney through the ureter is justified; 
and in that event the plasma clearance of glucose can be rightly 
accepted as a measure of the volume of glomerular filtration. 

An answer to this question was obtained by perfusing, through . 
the lumen of a proximal tubule of Necturus, Ringer’s solution con- 
taining glucose in higher concentration than that in the blood 
plasma. The concentration in the recovered fluid was from 15 to 
40% less than in the original fluid. Phlorhizin, therefore, does not 
prevent the escape of glucose from the renal tubule by diffusion. 

A related question was studied, ivhich concerns the behaidor of 
xylose in the tubule. It was discovered by Jolliffe, Shannon and 
Smit]r'’5 that the plasma clearance of xylose in the normal dog is 
the same as the glucose clearance in the dog poisoned by phlor- 
hizin; and xylose clearance has come to be adopted by some inves-- 
tigators as a measure of glomerular filtration in normal animals. 
But when xylose solutions were perfused through the proximal 
tubules of frogs and Necturi the xylose concentrations decreased 
by 13 to 73%. Since these results cannot be e.xplained by entrance 
of water into the tubule, we liave confidence in saidng that in a 
phlorhizinized tubule of Necturus, when the glucose concentration 
of the fluid passing through it reaches a certain excess over that of 
the blood, glucose diffuses back into the blood; and that in normal 
amphibia, xylose is capable of escaping from the tubule through 
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its wall. These conclusions are in harmony with those drawn from 
the study of the excretion of inulin by the dog. 

The results obtained in the study of tlie cliange in the concentra- 
tion of glucose which proceeds in the proximal tubules of phlor- 
hizinized animals give strong evidence that the proximal tubule is 
the site of some of the water reabsorption. On the average, glucose 
is 26% more concentrated in the fluid which leaves the proximal 
tubule than in that which enters it. We know of no evidence which 
shows that the phlorhizinized tubule secretes glucose; much that 
it does not. Relying on this, we conclude that the increase in glu- 
cose concentration in the proximal tubule fluid is the result of an 
active reabsorption of water which amounts on the average to at 
least 20% of the volume of the glomerular filtrate. 



Fig. 5.— Average curves of analyses of tubule fluid for glucose in jihlorhizin poisoning 
and urea and inorganic phosphates in normal animals. 


Inorganic Phosphate, Urea, Uric Acid, Creatinin. Thus far we have 
discussed the functions of the tubule only in relation to substances 
which are reabsorbed in their passage through it: water, chlorid, 
bicarbonate, glucose. Sometliing must now be said concerning the 
behavior of substances which are excreted in the urine in higher 
concentration than that in which they exist in plasma and in the 
glomerular filtrate. In this category we have studied inorganic 
phosphate, urea, uric acid and creatinin. 

Figure 5 contains curves, each the composite of many experi- 
ments, which show the average changes in concentration which 
phosphate and urea undergo in their passage through the tubule. 
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Included also is the average curve which represents the increase 
in concentration which glucose undergoes in the . phlorhizinized 
tubule. If, as we believe, this is the result of reabsorption of water 
it follows that similar change in concentration of another substance 
is similarly explainable. 

Inorganic phosphate in both frogs and Necturi and urea_ in 
Necturi undergo, on the average, degrees of concentration so similar' 
to that of glucose in phlorhizin poisoning that one explanation is 
adequate for all, namely, reabsorption of water. We see no neces- 
sity for assuming that in these experiments active secretion of 
phosphates was a factor. The case is different, however, with urea 
in the frog’s tubule. It is possible, though not necessarily certain, 
that the concentration at the end of the proximal tubule (double 
that of glomerular fluid) cannot be explained by water reabsorption 
but that some urea was secreted. The most striking feature of the 
urea curve, however, is the steep rise in concentration which takes 
place in the distal tubule. The average concentration ratio attained 
(7.2) is derived from figures which go as high as 20. If secretion 
of urea is a factor in the production of these high concentrations 
the suspicion is aroused that the distal tubule is its chief site. What 
is urgently needed in further experiments of this sort is some more 
conclusive method of measuring the absorption of water from the 
tubule. 

In studying the changes in concentration which uric acid and 
creatinin of the glomerular filtrate undergo in passing through the 
tubule, it was necessary to inject both substances before beginning 
an experiment because of the small amounts normally present in 
the blood. In frogs the changes in uric acid were similar to, though 
not so pronounced as those of urea; in Necturi its concentration 
may increase slightly or may decrease during passage through the 
tubule. The results give no reason to think that it is secreted by 
the tubule of Necturus; we are uncertain about the frog’s tubule. 

Creatinin in the frog’s tubule behaved like uric acid in Necturus; 
there was no increase in concentration sufficient to suggest secre- 
tion; often there was a decrease. In a few experiments with 
Necturus, however, creatinin became more concentrated in the 
proximal tubule than any other substance yet studied by these 
methods. It may well be that this is indicative of a secretory 
process for creatinin operative in the ]}roximal tubule of Necturus, 
not in that of the frog. 

The most striking outcome of these experiments, aside from the 
scanty evidence they afford of the existence of secretory processes 
in the epithelium of the pro.ximal tubule, is the demonstration of 
radical differences in the behavior of urea, uric acid and creatinin 
m tlic tubules of tlie two species studied. Results obtained with 
one are definitely not transferable to the other. Obviously it would 
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be even more hazardous to draw conclusions concerning secretion 
by the mammalian tubule from these results. 

We have hope and some expectation that the methods which 
have been developed in these studies will be found applicable to the 
mammalian kidney. It seems not unreasonable to anticipate that 
when that objecti\'e is attained it will be found that the reabsorp- 
tive processes, so conspicuously apparent and definitely localizable 
in the amphibian tubule and so fundamentally important for sur- 
\'ival, will be found in the analogous sections of the tubule of the 
mammal. 
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THE URINAEY CONCENTRATION IN DIABETES INSIPIDUS. 

A Comparison of the, Effects of Several Drugs. 

By Elmer L. DeGowin, A.B., M.D., 

ASSOCIATE IN INTERNAL MEDICINE. STATE UNIVERSITY OF lOVA, 

IOWA CITY, IOWA. 

(Prom the Department of Internal Medicine, State University of Iowa Medical 

School.) 

Many drugs have beeu studied and recommended in the therapy 
of diabetes insipidus, but, at present, derivatives of the posterior 
lobe of the pituitary gland have largely replaced all others. The 
work of Scherf,^ however, has recently aroused interest in amido- 
pyrin, and Kahn^ has reported a case successfully treated by this 
substance. F. M. Smith^ has called attention to the economic aspect 
of treatment and has shown that the insufflation of powdered pos- 
terior pituitary substance is just as efficient and far cheaper than 
the usual extracts given subcutaneously. Smith’s observations have 
been confirmed by Canelo and Lisser.'® 

It seemed desirable, therefore, to attempt to compare the effect 
of some of these drugs on the urinary concentration. Two cases 
of diabetes insipidus fortunately became available for this work. 

Methods. During the periods of study the patients were confined 
to bed and the utmost precautions were taken not to suggest the 
outcome of tests or therapy. When a drug was to be tried, a control 
period was used during which a suitable placebo was administered. 
They were invariably able to distinguish the potent drugs by the 
effect on thirst and diuresis. 

A standard test was devised to study the effect of various drugs 
on urinary concentration. It seemed desirable to eliminate the 
factor of thirst. A typical test period ran for 48 hours, starting at 
G A.M. At that time, and at 2-hour intervals, the patient drank 
500 cc. of water and emptied the bladder. She was awakened at 
night for this purpose. The placebo, in the form of tablets, capsules 
or hypodermic injections of distilled water, was given at 10 a.m. 
of the first day and the trial drug was given at the same time the 
next day. During the 2 days, 6 identical jheals were served to 
control the water and chlorid intake from that source. The 2-hour 
urine specimens were examined for color, the volume was measured, 
and the specific gravity determined with the urinometer. 

The specific gravity of the urine was taken as an indication of 
the concentration of dissolved solids in the urine.''-® While dimi- 
nution in volume output during the 2-hour periods was noted, 
and corresponded fairly well with increased specific gravity, yet 
volume output as measured in these tests is subject to variation 
from other factors, such as the voluntary control of the bladder 
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and variations in water balance which may have no apparent rela- 
tion to the problem at hand. It would therefore appear that 
increase in the specific gravity of the urine seems to be a more 
accurate index of the potency of antidiuretic drugs in diabetes 
insipidus. 

Case Eeports. Case 1. — L. 0., housewife, aged 42, was under observa- 
tion from July, 1933, to March, 1934. She had apparently been in good 
health until October, 1921, when polj^dipsia and polyuria first occurred. 
Several months later she was studied in a private hospital, where her 
urinary output averaged 16 quarts (15 liters) in 24 hours. The diagnosis 
of diabetes insipidus was made then. Since that time the diuresis had been 
continuous but the daily output had gradually diminished. Among her 
numerous complaints Avere pain in the hips, headache, emotional insta- 
bility, transient paralj'-ses, and “fainting spells.” She had been a semi- 
invalid for the last year because of fear of falling. The prewous medical 
historj' was not significant except that she had given birth to a child pre- 
cipitately 9 months before the onset of the diuresis. 

Physical examinaiion revealed no abnormalities except a moderate^ 
enlarged heart. She v'eighed 145 pounds and was 61 inches tall. Repeated 
neurologic examinations were negative. The neurologists were forced to 
explain her many complaints on the basis of hysteria. The ocular fundi 
AA'ere normal and the Aosual fields were not impaired. No remnants of 
Rathke’s pouch were found. Teleoroentgenogram gave a Danzer ratio 
of 0.57. Electrocardiogram showed slight left axis deviation. The basal 
metabolic rate was —6%. Blood counts were normal. Blood Kahn and 
Wassermann tests were negatwe. Blood urea, uric acid, creatinin, calcium 
and phosphorus determinations ivere repeatedly normal. 

When she was allowed to drink freely, tire average fluid intake in 24 hours, 
excluding water in the food, was 6430 cc. and the urinary output was 
5672 cc. The daily (6 a.m. to 6 p.m.) intake slightly exceeded the night 
intake, whereas the nocturnal output was usually greater than the diurnal. 
The urine was examined frequently but no casts or cellular elements were 
eATr found in excess. Glucose and albumin were never noted. The specific 
gravity never exceeded 1.004 except when specific medication was given. 

Results. The drugs studied w'ere amidopyrin (Pyramidon), acetyl 
salicylic acid (aspirin), antipyrin, acetplienetidin (phenacetin), vaso- 
pressor fraction of posterior pituitary gland (pitressin—Pai'ke, 
Davis & Co.), histamin, raorphin sulphate, sodium bromid and 
powdered posterior pituitary substance (Eli Lilly & Co.). 

During the control periods of the tests the specific gravity of the 
urine never exceeded 1.004, w'hile the 2-hourly fluid output imried 
between 240 cc. and 870 cc. with an average of around 500 cc. 
Some of the \ ariation betw'een the volumes of difterent specimens 
may be accounted for by the fact that the capacity of the bladder 
was found to be 1400 cc. and it may not have lieen possible to 
empty it completely each time. There was no constant change in 
urinary volume or specific gravity which could be ascribed to the 
ingestion of food. 

Posterior Pituitary Gland. Two substances were studied: The 
vasopressor fraction known as “pitressin” (Parke, Davis & Co.), 
and a powdered preparation of the posterior lobe (Eli Lilly & Co.), 
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Table 1 (Case 1). — Pitbessin. 


[ 

D.itc, 

1033. 

Time. 

A^olume 1 

Urine. 

All meals 

identical in composition. 

intake, , 
ce. 1 
t 

Volume, 

cc. 

Specific 

gra%'ity. 

December 11 

6 a . m . — Sa . m . 

500 ; 

660 

1.001 

7 A.M. meal. 


8 “ —10 “ 

u 

580 

1.002 



10 " —12 m . 

it ! 

560 

1.003 

10 A.M. sterile water (hypo). 


12 M. 2 P.M. 

ti 1 

1 

420 

1.003 

12 M. meal. 


2 P.M.— 4 “ 

it ' 

540 

1.004 



4 “ — 6 “ 

{< 

440 

1.004 

5:30 P.M. meal. 


6 " — 8 “ 

i< 

520 

1.004 



8 “ —10 “ 

U 

820 

1.003 



10 “ — 13 “ 

U 

340 

1.003 


December 12 

12 “ — 2 a . m . 

(( 

780 

1.003 

' 


2 a . m . — 4 “ 

n 

410 

1.003 



4 “ — 6 “ 

“ 

640 

1.003 



6 “ — 8 “ 

u 

330 

1.003 

7 A.M. meal. 


8 “ —10 “ 

<t 

810 

1.003 


• 


Total 

Total 





7000 

7850 



i 10 A, M. 12 M. 

500 

240 

1.006 

10 A.M. 1 cc. pitressin (hypo) . 

1 12 M. — 2 P.M. 

“ 

100 

1.015 

12 M. meal. 

j 2 P.M, — 4 “ 

ii 

100 

1.015 


1 4 “ — 6 “ 

(( 

ll’O 

1.010 

5:30 P.M. meal. 

1 0 “ — 8 “ 

i( 

150 

1.012 


1 8 “ —10 “ 

<i 

270 

1.006 


10 “ —12 “ 

(i 

300 

1.006 


■December 13 

12 “ — 2 A.M. 

U 

220 

1.005 



2 a . m .— 4 “ 


490 

1.004 



4 “ — 6 “ 

<i 

430 

1.003 



1 

Total 

Total 




1 

1 

5000 

2410 

) 

i 



. 0 A.M. S A.M. 

400 

580 

! 1.004 

7 A.M. meal. 

' 8 “ —10 “ 

200 

1 540 

j 1.003 


,10 “ —12 m . 

400 

! 670 

1.003 


, 12 M. 2 P.M. 

200 

1 490 

1 1.000 

12 M. meal. 

! 2 P.M. — 4 “ 

400 

! 550 

j 1.003 


,4 “ — 6 “ 

400 

' 430 

I 1.004 

5:30 P.M. meal. 

6 “ — 8 “ 

400 

I 450 

1 1.004 

. 

, 8 “ —10 “ 

1 200 

. 450 

1 1.000 


• 10 “ —12 “ 

i 200 

410 

! 1.002 


■Occomber lA 

12 “ — 2 a . m . 

200 

i 300 

1 1.004 


, 2 A.M.— 4 “ 

! 200 

i 270 

) 1.002 


4 “ _ 0 “ 

, 200 

1 610 

. 1.003 
{ 


1 

1 Total 

Total 

( 

1 

1 


, 3400 

5810 

1 



'll' 

; Grand ■ Grand ■ ! 

total ) total ! I 

1 15, -100 ; 16,070 i I 

! i 1 
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representing 5 times the weiglit of the wet gland. Attention has 
been called to the latter substance by F. M. Smith.® 

Table 1 shows the effect of 1 cc. pitressin hypodermicallj- upon 
the volume output and the specific gravity of the urine. During 
the first 2-hour period the volume ivas 240 cc. and specific gravity 
1.006. In the next period the volume was reduced to 100 cc. and 
the specific gravity was 1.015. The effect of the dose is seen to last 
from 10 A.M. to 2 a.m. (16 hours) with the maximum effect from 
2 to 6 hours after administration. During the time when this drug 
was acting, the patient was drinking 500 cc. of water every 2 hours 
and urinating only 20 to .30% of it. Twenty hours after injection 
the patient had drunk 5000 cc. of water and excreted only 2410 cc., 
withholding 2590 cc. In a supplementary 24-hour period she was 
allowed to drink as much as desired and her output finally exceeded 
her intake. This supplementary period was not repeated in sub- 
sequent tests. 


Table 2 (Case 1). — Powdeebd PosTEnion Pitottary Substance. 



j 


lol- 

Urine. 


Dnto, 1 
1934. 

Time 

in- 

tukc, 

(.T. 

Vol- 

ume, 

cc. 

Specific 

gravity. 

All meals identical in composition. 

March 1.3 

' Ca.m, 

, — 8 a.m. 

500 

: 330 

1.002 

7 A.M. meal. 


8 " 

—10 “ 

<4 

50 

1.028 

8 A.M. 0.05 gm. powdered posterior 


10 “ 

—12 M. 

“ 

1 120 

1.012 

pituitary in nose. 


12 M, 

— 2 P.M. 

(( 

100 

1.010 

12 M. 0.05 gm. powdered posterior 


2 P.M. 

— 4 “ 

« 

CO 

1.028 

pituitary in nose. 12 m. meal. 


4 “ 

— C •“ 

(i 

110 

1.020 

4 P.M. 0.05 gm. powdered posterior 


0 “ 

— 8 “ 

H 

120 

1.016 

pituitary in nose. 5:30 p.m. meal. 


N “ 

—10 “ 

(( 

400 

1.006 


* 10 “ 

—12 “ 

<( 

610 

1.004 


March 14 

12 “ 

— 2 a.m. 


530 

1.003 



2a..m. 

— 4 “ 


800 

1.002 



4 " 

— 0 “ 

u 

850 

1.001 

* 

March 15 

0 “ 

— 8 “ 

« 

500 

1.001 

7 A.M. meal. 


8 “ 

—10 “ 

n 

470 

1.003 

8 A.M. 0.05 gm. powdered posterior 


10 “ 

— 12 M. 

n 

C40 

1.002 

pituitary under tongue. 


12 M, 

2 P.M. 

it 

4.30 

1.003 

12 M. meal. 


2 P.M. 

— 4 “ 

n 

830 

1.002 



4 “ 

— 0 “ 

t( 

470 

1.003 

4 p.at. 0.1 gm. powdered posterior 


0 

— 8 “ 

it 

470 

I.OOO 

pituitary by mouth. 6:30 p.m. 


8 “ 

—10 “ 

tt 

710 

1.001 

meal. 

' 10 “ 

12 

** 

G60 

1.001 


March 10 

12 " 

— 2 a.m. 

“ 

670 

1.002 



2 \.M. 

— 4 “ 

“ 1 540 

1.001 



4 •• 

— G “ 

“ 1 

I 1 

600 

i 

1.001 



Table 2 shows the results of the administration of powdered 
posterior pituitary substance intranasally, under the tongue, and 
orally. The 2-hour output of urine was reduced to 50 or 60 cc. 
and the specific gravity was raised to 1.028 on 2 occasions by the 
administration of 50 mg. of the powder in the nose. Fifty milli- 
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grams of the powder had no effect under the tongue and 100 mg. by 
mouth 4 hours after a meal were likewise ineffectual. 

For nasal administration single doses of the powder were weighed 
out into papers and the dose taken up in a dry medicine dropper 
and insufflated well into the nares. The patient was sent home at 
one time with instructions to talce 50 mg. of the powdered substance 
intranasally 3 times daily. The drug was very effective but the 
patient complained that the nasal mucosa became painful aild 
that the powder tended to form crusts in- the nares. 

Each of the following drugs was administered in the course of a 
separate 4S-hour test period, exactly duplicating the first 48 hours 
outlined for pitressin. 


Table 3 (Case I). — Amidobyrin. 




Vol- 

Urine. 


Date. 

1933, 

Time. 

in- 

Like, 

cc. 

Vol- 

ume, 

cc. 

1 

Specific 

gravity. 

All meals identical in composition. 

November 1 

G A.M.— 8 a.m. 

600 

420 

1.001 

7 A.M. meal. 


8 “ -—10 “ i 

« 

480 

1.002 



10 “ —12 M. 1 

i< ' 

G70 

1.002 

10 A.M. placebo tablets. 


12 M. — 2 P.M. 

a 

350 

1.004 

12 M. meal. 


2 P.M. — 4 “ 

u 

410 

1.003 



[4 “ — 6 “ 

u 

420 

1.004 i 

5:30 P.M. meal. 


6 “ — 8 “ 

n 

410 

1.004 ' 



8 “ —10 “ 

<i 

510 

1.001 



10 “ —12 “ 

(( 

430 

1.003 


November 2 

12 “ — 2 A.M. 

<( 

290 

1.003 



2 a.m. — 4 “ 


610 

1.003 



4 “ — 6 “ 

<< 

590 

1.002 



6 “ — 8 “ 

<< 

360 

1.000 

7 A.M. meal. 


8 “ —10 “ 


640 

1.003 


j 

10 “ —12 m. 

« 1 

130 

1.007 

10 A.M. 2 gm. amidnpi/rin by 

1 

i 

i 



mouth. Urine pink. 


12 M. 2 P.M. 

<{ 

80 

1.011 

12 M. meal. Urine orange. 


2 P.M. — 4 “ 

ii 

210 

1.005 

Urine pink. 

j 

4 “ — G “ 

(( { 

280 

1.005 

5:30 P.M. meal. Urine pink. 


0 “ — 8 “ 

(( 1 

430 

1 1.004 

Urine pink. 


8 “ —10 “ 


190 

1.003 

j Urine pink. 

November 3 

10 “ —12 “ 

a 

70 

1.004 

Urine pink. 

12 “ — 2 a.m. 

<t 

350 

1.004 

Urine reddish. 


2 A.M. — 4 “ 

n 

280 

1.001 

1 Urine pink. 


4 “ — 0 “ 

n 

i GOO 

1.003 

Urine pink. 


^ Aviidopynn. The use of this drug Avas suggested by Scherf.* 
ffable 3 shows the effect of the ingestion of 2 gm. In the second 
2-hour period the urinary output was only SO cc. and the specific 
gravity 1.011. The effect lasted about 8 hours in all, but the maxi- 
mum Avas from 2 to 4 hours. The urine Avas colored orange by the 
drug^ and some trace of color Avas seen as long as 18 hours after 
administration of the single dose. 

During several Aveeks in the hospital the diure.sis Avas controlled 
to the patient s satisfaction, at least, by the oral administration of 
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1 gm. of amidopyiin Kcd’uiv retiring. W’lereas she usually awoke 
5 or 6 times to s<»i<i, sbe enable, i t,> ^!eep through the night, 
arising only once er tu't u.t ail. In ediiiporing day and night speci- 
mens it was rather pu/zliiig tu note deal the nocturnal output Avas 
not much deereas',) in spiie <)f tne patient’s observations. The 
urologist found Th.it tb.e < apa, it_\ cf br>- bladder Avas 1400 cc., and 
Avhile the speeific gra . Itp of tlie night urine Avas somcAA'hat higher 
than the diurnal, et it i-; pi.'^sible tbal tl.e drug also tended to dim- 
inish the irritabilit\- oi die bladder. The j)atient also reported that 
her thirst was mu' b 'aiit-xed. n. . uite of our objecthm eAudence 
that the intrau;is;d pi'iutar' p-'v. !<•, ”, a- mueh more effecth’-e, she 
A'oluntarih rererted r.i ri,, .a’ i ,' loj,yrin while at home because 
of the loeal inita. ”, 1 , ,-,.i i,; ,i.--\der. 

Xeutro^ieiiia d'd ' • • u --,- • ' . hninistration of the drug 

for several na.rr', , 

Sodium li'-fi hi- , ,)!■ anid by mouth produced 

no effect on i i ^ '-ati < ; ' olume output in a stand- 

ard ds-hmw ’e"* 


Mnrphf ■’i!... *-, It] gram morphin sulphate 

subrutant' • ' . i a' •>; i,, a 48 -hour test period.' 

Iiisinm,r. a . ^ • i : .■ euse Gibson and Martin® 

reported n'' . ' , 0 . In our case 0.003 gm. Avas 

a t , d) typical headache and 

peripheral , . . , .... , there was no effect on the 

speeific :i ■, - . : ■ s' ■ Ic howcA’-er, that in collect- 
ing 2-h ' ’..'1 , ' i, ■■■> ■; ‘ . n'ifn.t effect maj’^ haAre been 

ma.'i ed. 


I in a standardized test after 

the mgi n ■ ■ >. t . j'lje urine aa^s colored broAA'n 

for 4 h-'U ■ r-i' .. t 1 


-b ■///•' 
caused ■ 
period _ , 

urinai” oi.t 


( 


r 

'■ I c h. tuc 

.. r^p,... . , 

Iv:. gnuTis 


i :.c ,=.ii.istration of 2 gm. by mouth 
'.’ni.ar,' speiific gravity to 1.006 in the 
'.gi siio:'i. The 2-hour output AAms 290 cc. 
he iiAig by mouth caused the 2-hour 

. !>e 1 .) PlO ec. and 150 cc. for the 2 periods 

olloAMiig aiii uni'-'iratir.n. 'Ihc specific graA'ities for the 2 periods 
were .(KKi act l.poo rcsp,'vti\cly. Eichhorst,^in 1888 , reported 
that this rh’iig effectively <-ontrolled the diuresis. 


aged .^tl. was studied in the University 
andSvuH.i'f' ■'*. b-ebruary 21, 1935. She had had polydipsia 

- - ^ ■ • "r a lout 1 year, the .sATnptoms increasing in seA'crity 5 months 


. lie nacl lo.st 20 pounds in weight associated AAnth anorexia- 
laci noted a ma.s.s in tlie lower abdomen which had slowly 


before admi^-ioi I, 

For 0 moiith.s ,she ha 
increased in .size. 

anl'romdi ^ undernourished. The skin A\'as drj’ 
the nolAd anJ 'T "^'l^rted by a globular tumor arising from 
noXl and thf tlm umbilicus. The cerwx uteri appeared 
e tumor appeared to be associated vdth the fundus uteri. 
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Blood counts showed a slight secondaiy anemia. Basal metabolic rate 
was +9%. The visual fields were not impaired. Roentgenologic studies 
of the skull chest and gastro-intestinal tract revealed no abnormahties. 

During a 5-day period she drank fluids ad libitum and the average 24-hovir 
urinary volume was 6120 cc. The maximum speafic gravity of these speci- 
mens was 1 002. A series of concentration tests previously ^scribed in 
Case 1 was then employed. _ She was then transferred to the I^parti^nt 
of Gynecology, where surgical exploration ivas performed. Ihe tumor 
mass was found to be an adenocarcinoma of both ovaries and endometrium 
(Krukenberg type) . There was an area of induration in the stomach winch 
\VSLS thought to be a possible primary focus. There was no evidence of 
other metastases and no involvement of the nerve supply to the kidneys. 

Bor 10 days postoperation the 24-hoiir urinary output averaged 12UU cc., 
although fluids were not restricted. This was thought to be due to the 
lumbar puncture by which anesthesia had been obtained. After this period, 
diuresis was controlled by 50 mg. powdered posterior pituitary substance 
intranasally at 7 a.m. and 7 p.m. 

She received deep Roentgen ray therapy and was sent home, where she 
died March 2, 1935. No antopsy was performed. 

Results. The effect of 4 drugs on the urinary concentration was 
studied by means of the standardized test devised. 

Piircsmi. One cubic centimeter of pitressin (hypo) only concen- 
trated the urine to a specific gravity of 1.008. The minimum 
2-hourly output during this test Avas 90 cc. Details are set forth 
in Table 4. . , ' . 

• Table 4 (Case 2). — Pitressin. 


Date, 

1935. 


! 

Time. 

Vol- 

Urine. j 

All meala 

identical in composition. 

ume 

in- 

cc. 

Vol- 

ume, 

cc. 

Specific 

gravity. 

Oa.m. — 8 a.m. 

500 

640 

1.000 

7 A.M. meal. 

8 “ —10 “ 

u 

720 

1.001 


10 “ —12 M. 

« 

080 

1.003 

10 A.M. sterile ivatcr (hypo). 

12 M, 2 P.M. 

u 

C60 

1-003 

12 M. meal. 

2 P.M. — 4 “ 


790 

1.001 


4 “ — 6 “ 

u 

430 

1.003 

5‘.30 P.M. meal. 

6 “ — 8 “ 


6G0 

1.002 


8 " —10 “ 


C60 

1.001 


10 " —12 “ 

<( 

470 

1.004 


12 " — 2 A.M. 


010 

1.003 


2 A.M. — 4 “ 

({ 

390 

1.001 


4 “ — 0 “ 

it 

560 

1.003 


C " — 8 “ 

u 

460 

1.003 

7 A.M. meal. 

S " —10 “ 

** 

440 

1.003 


10 “ —12 M. 

tt 

90 

1.005 

10 A.M, 1 cc. pitressin (hypo) 

12 -M. 2 P.M. 

n 

1 130 

1.008 

12 M. meal. 

2 P.M. — 4 “ 

ii 

1 190 

1,008 


4 “ — 0 “ 

ii 

j 150 

1.003 

5:30 P..M. meal. 

G " — 8 « 

(I 

300 

1.004 


8 “ — 10 " 

(I 

310 

1.004 


10 “ — 12 “ 

<r 

170 

1.005 


12 “ — 2A..M. 

n 

150 

1.006 


2 a.m. — 4 “ 

ft 

110 

1.003 


4 “ — C “ 

41 

260 

1.000 



January 13 


January 14 


Januarj* 15 
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Pou'dered Posterior Pituitary Substance (Table -5). A single 50 mg. 
dose in the nose induced a maximum specific gravity of the urine 
of 1.017. The minimum volume output for 2 hours was 18 cc. 


Table o (Case 2).— Powdered Posterior Pituitary Substance. 




j Vol- 1 

1 Urine. j 

Date, 

1935. 

Time. 

i 

{ in- : 
^ take, 

1 

,, , j All meals identical in composition. 

'll' 

1 cc • 


Januarj' 16 

0 A.M. — S A.M. ' 

500 

630 

1,002 7 A.M. meal. 


' S “ —10 “ ' 

** 

570 

1 003 ' 


;10 “ —12 m. 

u 

ISO 

1 009 10 AM. 0.05 powdered posterior 




! pituitary substance nasally. 


12 M. — 2 P.M. 

u 

18 

1.014 12 M. meal. 


1 2 P.M.— 4 “ 

t( 

45 

1,016 


; 4 “ — 0 “ 

It 

SO 

1.017 ! 5:30 P.M. meal. 


i 6 “ — 8 “ 

(< 

65 

1,017 i 


1 8 “ —10 “ 

It 

430 

1 004 


10 “ —12 " 

it 

420 

1,004 

JanuaiA’ 17 

12 “ — 2 a.m. 

t( 

300 

1.002 


; 2 A.M. — 4 “ 


' 340 

1 003 


'4 “ — C “ 

it 

430 

1 001 


Table G (Case 2).— A-midopyrin, 




j Vol- 

Urme 


Date, 

1935. 

Time. 

m- J 
take, 

1 cc ' 

umc. 

cc ■ i-Tavity 

All meals identical in composition. 


Januarj' IS 

G .A.M.- 

— S A..M. 

500 

610 

1 001 

7 A..M. meal. 


S “ - 

—10 “ , 


660 

1 001 



10 " - 

—12 M. 1 

1 

it 

320 

1 

1 003 

10 A.M. 2 Km. amidopyrin by 
mouth. Urine pink. 


12 M. 

— 2 P.M. 

it 

1 190 

1.005 

12 M. meal. Urine pink. 


2 P.M. 

_ 4 “ ' 

a 

22 

1.005 

Urine pink. 


4 “ 

— 6 “ 


100 

1.007 

5:30 P.M. meal. Urine orange. 


6 “ 

— S “ 

it 

90 

1 010 

: Urine red. 


S “ 

—10 “ ■ 


100 

1 007 

, Urine red. 


■ 10 •“ 

—12 •* 

** 

, SO 

1.009 

< Urine red. 

January 19 

12 •• 

— 2 A.M. 

it 

40 

1.011 

■ Urine orange. 


2 A.M. 

— 4 “ 

i( 

70 

1 012 

Urine pink. 


4 •• 

— 6 “ 


170 

1 007 

Urine pink. 


Amidopyrin (Table 6). Two grams by mouth caused a maximum 
specific gravin' of 1.012 and a minimum 2-hour output of 22 cc. 
For some undetermined cause the action of this drug was much 
prolonged in f'ase 2. 

Obstetrical Pitiiitriu (Table 7). One cubic centimeter of this drug 
hypodermically produced a slight concentration in the urine (specific 
gravity 1.005). 
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Table 7 (Case 2). — Pituitrin. 


D.ate, 

1935. 

Time. 

Vol- 

ume 

in- 

take, 

cc. 

V 

Vol- 

cc. 

rine. 

specific 

gravity. 

1 

All meals identical in composition. 

January 20 

0 a.m. — Sa.m. 

500 

690 

1.000 

7 A.M, meal. 


8 “ —10 “ 

it 

720 

1.002 



10 “ —12 m. 

it 

200 

1.005 

10 A.M. 1 cc. oh.ilelrical pituilnn 






(hypo). 


12 M. — 2 P.M. 

« 

270 

1.005 

12 Mi meal. 


2 P.M. — 4 “ 

t< 

360 

1.003 



4 “ — 6 “ 

c< 

430 

1.004 

5:30 p.M. meal. 


0 " — 8 '' 

it 

470 

1.003 



8 “ —10 “ 

it 

460 

1.003 



10. “ —12 “ 

it 

320 

1.003 


January 21 

12 “ — 2a.m. 

tf 

430 

l.OOS 


t 

2 a.m. — 4 “ 

a 

270 

1.002 



4 “ — 6 “ 

it 

260 

1.003 



I 

Summary. Two cases of diabetes insipidus of unknown etiology 
have been studied with reference to the effect of various drugs on 
the concentration of the urine. 

A test has been devised which allows an evaluation and com- 
parison of the effect of drugs on the urinary concentration. This 
test eliminates the factor of thirst from consideration. • 

If the maximum specific gravity of a 2-hour urine specimen 
obtained under conditions of the test be taken as an index of the 
effect of the drug in Case 1, the drugs can be ranged in tlie following 


order of potenc\^: 

Specific 

gravity. 

0.05 gm. powdered posterior pituit.ary substance (intrnnasally) 1.028 

1 cc. pitrcssiii (hypodermically) 1.015 

2 gm. amidopyrin (orally) l.Oll 

2 gm. antipyrin (orally) 1.009 

2 gm. acetyl salicylic acid (orally) 1.000 

2 gm. acotphenetidin (orally) efieet 

2 gm. sodium bromid (orally) jg-Q efject 

0.003 gm. histamin (hypodermically) jgo effect 

O.Ol gm. morphin sulphate (hypodermically) No effect 


In Case 2 a similar comparison can be made; 

.Specific 

gravity. 

0.05 gm. powdered posterior pituitary substance (intranasally) 1.017 

2 gm. amidopyrin (orally) 1.01‘> 

1 cc. pitrcssiii (hj’podermically) l.OOS 

1 cc. obstctric.al pituitrin (hypodermically) 1.005 

These results sup]ilement the studies of F. M. SmitlF and Vidgoff« 
on the effects of the nasal insufflation of powdered posterior pituitary 
substance. In Smith’s exiicriinents the possiliility of some effect of 
the drug on tliirst was not eliminated. The tests confirm Kiclihorst’s 

voc. It'D, NO. fi. — i)7:cKMm-.ii, 15135 27 
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report^ on the efficacy of autipyrin. The reports of Scherf^ and 
Kahtf as to the value of amidopyrin are also confirmed. In view 
of the recent reports of the occurrence of agranulocytosis follow- 
ing aministration of admidopjwin,'’ this drug should be used with 
caution. 
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THE NATURE OF OSTEOGENESIS IMPERFECTA.* 

By Italo D. Puppel, S.B., 

ASSISTANT IN RESEARCH SURGERY, 

Louis E. B.\rron, A.B., M.D., 

RESIDENT SURGEON, RESEARCH SURGICAL SERVICE, UNIVERSITY HOSPITAL, 

AND 

George M. Curtis, Pii.D., M.D., 

PROFESSOn OF SURGERY, THE OHIO STATE UNIVERSITY’, 

COnUMBUS, OHIO. 

(From the Department of Medical and Surgical Research, University Hospital, and 
the Department of Surgery of Ohio State University.) 


The purpose of this report is to present the results of an extensive 
clinical investigation of a tj^iical case of osteogenesis imperfecta. ' 
Armand' reported as early as 1716 a case of tliis disease. A thor- 
ough clinical and probably the first anatomic description was made 
by V. Lobsteitf in 1833. The term “Lobstein’s disease” is still en- 
countered. He applied the name “idiopathic osteopsathyrosis.” 
Henzscheh noted Bie blue sclera; in 1831. In 1848, the blue sclerfe 
and multiple fractures were associated vuth this disease by Cornaz.^ 
The china or slate-blue scierm are characteristic. Their color 

* Read before the Section of Medical Sciences at the Forty-fourth Annual Meet- 
ing of the Ohio Academy of Science, Columbus, Ohio, March 30, 1934. 
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is due to partial visibility of the underlying choroid. The bone 
fragility is so increased that even slight trauma may produce 
fractures. Fractures occur from the intrauterine period to advanced 
age, are most common in infancy and early youth, and decrease 
at puberty. They occur almost exclusively in the shafts of the 
long bones and in the ribs. There is little or no associated pain, 
and the bones usually heal rapidly. 

Deafness, associated with otosclerosis,® usually occurs in the 
second decade. It accompanies the blue sclerte and brittle hones 
in 40% of the cases.® Heredity was a factor in 28% of the cases 
collected by Fairbank.® 

The pathologic findings are presented in the excellent mono- 
graph of ICey.'^ Necropsy has revealed no major pathologic process 
save in the bones.® A decrease in osteoblasts and a defective pro- 
duction of osteoid tissue have been noted.®-*® 

The etiology is obscure. Some investigators suspect a faulty 
metabolism resulting from various endocrine disturbances. On the 
other hand, the endocrine glands have been found normal at necropsy 
by Kraus** and recently by Hennessy.*® The calcium and phos- 
phorus content of the affected bones are normal.*®-** The serum 
calcium and phosphorus, as well as the calcium balance, remain 
within normal range, as revealed by the data we are about to report, 
and by Hunter’s*®-*® and Klercker’s*'* investigations. The thymus 
has been suspected. Gorter, quoted by Fairbank,® and Ryan*® 
reported improvement subsequent to the administration of thjmaus. 
Metabolic studies, however, were not made. 

Others consider a developmental anomaly of the mesoblast. 
Bauer® was one of the first to advocate this theory. He suggested 
a deficiencj’- of all mesenchymal tissues and showed histologic 
abnormalities in bone, cartilage and tooth pulp. Key*' regards 
the blue sclerte as evidence of an hereditary hjqroplasia of the 
mesenchjmia. 

The disease maybe due to a deficiency in phosphatase production. 
This "splitting enzyme" was described by Robison*® in 1923. 
It is most plentiful in ossifying portions of normal bone. Robison’s 
theory*® has received support in the work of Kay,®® who finds that 
the osteoblasts and hj^pertrophied cartilage cells secrete this enzyme. 
Crooks®* reported in one instance an increased plasma phosphatase. 
The bone phosphatase in this disease has not been investigated, 
so far as we are aware. 

Recently we have had the opportunity of investigating a tjqjical 
instance of osteogenesis imperfecta. We were particularly interested 
in determining any relationship to hjqierparathyroidism. 

Case Eeport. B. N., No. 33528S, a white male, aged 17, who was 
referred by Dr. P. L. Ring, Bellaire, Ohio, entered this hospital complaining 
of a multiplicity of painless fractures. His mother, who volunteered the 
following information, stated that although his deliverv' was normal there 
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was at the time of birth, an abnormal contour of the right arm and left leg 
and slate-blue scleroj. About a week later it was learned that these deformi- 
ties were due to fractures. Since that time he has sustained 48 fractures, 
all of which have inAmlved the long bones and ribs, 40 occurring before the 
age of 11. Since then fractures have occurred vdth decreasing frequency.' 
These fractures were accompanied b 3 ’- little or no pain, were easily reduced 
and read% healed bj’ immobilization. There is no_ history of non-union 
and at no time was open reduction necessary. Occasionallj’' there was mild 
discomfort but this disappeared in about 2 or 3 _daj’'s. He became aware of 
his susceptibility to fractures and therefore avoided any trauma or sudden 
motion such as twisting or turning. Numerous Hoentgenograms have been 
taken throughout his life. These revealed a “t^’^pe of osteoporosis.” His 
deciduous teeth were lost early. Many were lost while cbewnng food. 



Fig. I. Osteogenesis iHiperlecta, anterior view, showing characteristic gross 
deformities, dwarfism and generalized muscular atrophy. 

He has never been able to walk unaided. His chief means of locomotion 
js crawling, or walking until the aid of crutches. Because of his phj'sical 
disability he w'as adtised by his physicians to leave school after liatdng 
passed the scvtli grade. His appetite has alwa 3 ''s been good and there has 
been no diarrhea or constipation. 

He has had the usual childhood diseases such as measles, mumps, scarlet 
fet er, and chickenpox. His family history' revealed that no other members 
c such a niultiplicitj’’ of fractures. However, two brothers 

had denmte blue sclera?. Information obtained from his grandparents 
revealed that none of iiis remote relatives was knoum to be afflicted with 
this tjqie of bone disease. 

Physical examination revealed a poorly nourished, under-developed, 
dwarfed white male, 3 i feet in height, and weighing 44 pounds (Figs. 1 and 2). 
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Gross inspection of his body revealed what appeared to be generalized 
muscular atrophy. The head was characteristically shaped (Figs. 3 and 4). 
The zygom® and mastoid processes were prominent, also the occiput, the 
latter increasing the antero-posterior diameter of the head. The hair was 
blond, and was normal in quantity and consistency. The eyebrows and 
eyelashes were black. These stood out in striking contrast to the color of 
the hair. Examination of the ears was negative. Hearing was normal to 
the whispered voice and tuning fork tests. The sclerae were of an intense 
slate-blue color. The pupils were round, equal and regular, and reacted to 
light and accommodation. Extraocular movements were normal. Eye 
ground examination was normal. The mouth was in poor condition. The 
mucous membrane was congested. The teeth were poorly developed, and 
many were carious and broken off at the gingival line. The tonsils were 
hypertrophied and cystic, but did not contain pus. The tongue was some- 
what hypertrophied and furry. The breath was foul. 



Fio. 2. Oslcopcncsis imjxjrfccta, posterior \'ie\v, sllo^'’ing cliaractcristic gross 
doformitios, dwarfism and generalized muscular atropliy. 


The chest (Figs. 1 and 2) was asjTnmetrical and deformed; the sternum 
prominent; the general contour that of a rachitic. The upper thoracic 
spine showed a scoliosis to the left. Tlie antero-posterior diameter of the 
chest was increased. The ribs were not tender. No pulinonai^' or cardiac 
abnomiahtv was noted. The abdomen was short (Fig. 1), but othenvise 
negatiye. A non-tender liver was palpated on inspiration at the right 
costal border. Tlie pubic hair was sparse, the cscutclieon masculine. The 
genit.alia \verc uomial m development. There was marked deformity of 
all extremities. Both upper extremities presented lateral bowing, most 
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pronounced in the radii and ulnse. Both femora were abnormally short 
and greatly deformed. The legs presented obwous anterior bowing. , The 
hands and feet, however, w^ere normal. No exostoses were palpable on any 
of the extremities. Neurolo^c examination was normal throughout. 
Intelligence was normal. 

Laboratory findings revealed negative Wassermann and_ Kahn tests. 
Repeated urine examinations failed to disclose any abnormalities. Phenol- 



Fig. 3. — Osteogenesis imperfecta, showing the characteristically shaped head 
-aith bulging of the temporal regions. 



Fig. 4. — Osteogenesis imperfecta, showing the characteristically shaped head 
■with an unduly prominent occiput. 


sulphonephthalein excretion, after intravenous injection, showed 80% elimi- 
nation of the dj'e at the end of 1 hour, and 15 % more at the end of the second. 
Repeated blood examinations ret'ealed a red blood count of about 3,800,000; 
white blood count, 6300; hemoglobin (Newcomer), 10.9 gm. The differen- 
tial count showed 80% neutrophils, 1% eosinophils, 15% Ijunphocides, 
and 4% monocjdes. The total plasma nitrogen was 900.6 mg.%; non- 



Fig. 5. — The right femur, presenting the great disproportion between the size of 

the epiphysis and diaphysis. 







Fig. 7 Fig. 8 

Fig. 7. — A fracture of the upper end of the left humerus and lateral bowing in 
the region of the elbow. 

Fig. S. — The right femur in 1931, showing no sites of the numerous old frac- 
tures. Also showing "a foamy epiphysis,” and mottling of the metaphysis. The 
diaphysis is particularly involved and presents a concentric type of atrophy. 


I iG. 0. Marked anterior towing of the leg bones independent of fractures. 
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protein nitrogen 22.7 mg.%; blood urea was 18 mg.%; plasma protein was 
calculated as 5.5%. The basal metabolic rates, on two determmations, 
were +11 and +7, respectively. 

Roentgenographic Study. A complete roentgenographic study of the 
skeleton of this patient was made. There were also available roentgeno- 
grams of the 15 treated fractures sustained since 1927, during a period of 
7 years. These fractures had occurred with decreasing frequency. Five 
occurred in 1927, 3 in 1928, 3 in 1929, 1 in 1930, 2 in 1931, none in 1932, 
1 in July of 1933, and none for the past 8 months. The fractures (Figs. 
5, 6 and 7) during this period of 7 years, usually occurred at the ends of the 
diaphyses. They have been of the simple oblique or transverse t3q)e. They 
have never been comminuted nor compound. “Foaniy epiphyses” and 
mottling of the metaphyses are present. 

Our recent roentgenographic study of this patient shows few sites of old 
fractures, since psathyrotic bone heals with little callus formation. Nonnal 
bone heals with abundant callus formation. This “remarkable reparative 
property” of psathyrotic bone may be but another manifestation of some 
fundamental deficiency. The great disproportion between the size of the 
epiphyses and the diaphyses is another striking feature, especially of the 
femora (Fig. 8). The epiphyses appear to be normal, save for obvious 
osteoporosis. The diaphyses present a concentric type of atrophy, i. e., 
the shaft is slender, the cortex thin, and the marrow cavity narrow. The 
deformities of the long bones and ribs are varied. 

The skull is characteristically shaped. The calvarium is moderately 
thin and presents some mottling. The occiput is unduly prominent. The 
facial bones are small and rarefied. Many of the teeth are chipped. The 
pelvis is asymmetrical, and presents a mottled appearance and a high 
degree of osteoporosis. The hones of the hands and feet are relatively normal. 
These bones have never been fractured. 

Metabolic Studies. We have investigated the total calcium balance and 
the iodin and chlorid balances of this patient. In our calcium studies 
we followed, essentially, the principles set forth by Bauer and Aub.^- 
Seven days prior to the calcium investigation, the patient was placed on a 
constant low calcium diet which he chose from Aub’s table.®“ The daily 
fluid intake was kept at about 2000 cc. The salt intake and acid base 
values of the diet were kept constant. This was a low iodin and chlorid- 
containing diet. The patient was kept on this regimen throughout the 8-day 
period of investigation. The patient was attended by nurses trained in the 
conduct of patients during mineral metabolism studies. The urine was 
collected in 24-hour specimens. The feces were collected in 2 periods of 
4 days each. 

The serum calcium was determined by the Clark-CoUip method.^ 
Urinary excretion of calcium and water calcium were determined by the 
piohl-Pedley method.®^ Determination of fecal calcium was essentially 
by McCmdden’s titrimetric method;-^ an aliquot part of the feces being 
oxidized in silica at a low temperature with the aid of oxj'gen. The calcium 
content of food was calculated from Sherman’s^'^ and Aub’s- tables. The 
prum phosphorus was determined by the Bell-Doisy method.-^ The White- 
horn rnethod-® and Harvey’s modified Volhard method^'’ were used to 
the blood chlorid and the urinarj’’ excretion of chlorid. The 
Pmlhps-Curtis method’” was used to determine the blood iodin and the 
urinarj’’ elimination of iodin. 


Results and inierpretaiions. Although we have presented the 
figures actually obtained (Table 1), the results can be more readily 
appreciati^ by an inspection of the graph (Fig. 10). These findings 
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Table 1. — CALcimi Studies on a Low Calcium Diet. 


Date. 

W* ^ 

o*- 

Calcium. , 

Blood serum. 

Urine, 

mg. 

1 

Feces, 1 
mg. j 

j 

Output, 1 
mg. 

i 

Intake. 

mg. 

Nega- 

tive 

balance, 
mg. j 

1 

Cal- ! 
cium, : 
mg. %. \ 

1 

Inor- 
ganic 
phos- 
phorus, 
mg. %. 

10 / 22/33 . . 

1 1 

. 1 20.4 i 

i 1 

142 i 

168 

310 ; 

175 

135 



10/23/33 . . 


161 

168 

329 i 

176 1 

154 

9.9 

3.1 

10/24/33 . . 

1 1 

238 1 

168 

406 1 

175 1 

231 



10/25/33 . . 

. 1 19.4 j 

134 i 

168 

302 

175 

127 

10.5 

2.5 

10/26/33 . . 

j I 

139 i 

104 

243 

175 

68 



10/27/33 , . 

i ... 

161 i 

104 

265 

175 

90 

! 10.2 

2.7 

10/28/33 . . 

. I 19.8 1 

197 j 

104 

301 

175 

126 


i 

10/29/33 . . 

. I ... 

' 166 ' 

104 

270 1 

175 

95 

i 


Average . 

' 20.0 

1 167 

I 

303 

175 1 

128 

10.2 

i 

1 

! 2.7 

i 


OSTEOGtNESIS IMPERFECTA 
BN,tf^lT,No.335288. 



iBIoodCa in m^m.per lOOcc. serum. 


BJood Plasma Protein 

® 5.50Tn.perlOOcc 


Blood Phos in mgm perlOOcc, serum. 


ZZ 23 
Oct. 1933. 


24 25 26 27 


28 29 


Fio. 10. — Graph of the calcium metabolism data from Table 1. 
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reveal no evidence of hyperparathyroidism. The serum calcium 
and phosphorus are normal. The urinary excretion of calcium is 
normal. The patient is in a continuous but normal negative cal- 
cium balance (Fig. 11). . , . , . i ^ 

The plasma chlorid averaged 310 mg.%, which is low i^rmal. 

The daily urinary excretion of chlorid averaged 3.9 gm. This is 
within normal range for the low chlorid intake. 


Tfigm. 



‘Normal Osteogenesis Hyperparo- 

(usual) Itnper|ecta. thyroidasm, 

(this case) (^ualj 


Fig. 11. — A comparison of B.N. with normal controls=“ and with a case of 
hypcrparathjToidism.’* 

The blood iodin averaged 89 micrograms %, which is greatly 
increased. The daily urinary elimination of iodin averaged 101 
inicrograras, which is increased over normal. These facts concerning 
the iodin metabolism are submitted Avithout any attempt at inter- 
pretation. They indicate an increase in thyToid activity*. ■ 

Summary and Conclusions. 1. O.steogcncsis imperfecta occurring 
in a young man of 17 is reported. 

2. This patient exhibited the characteristic features of: Blue 
sclerfc, increased bone fragility, a history of 50 fractures, dwarfism, 
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and marked deformity. There has been a decreased tendency to 
fractures since puberty. No fractures of the hands or feet have 
occurred. 

3. His brothers present the typical blue sclerse. No other mem- 
bers of the immediate or remote family present blue sclerae or mul- 
tiple fractures. 

4. The calcium metabolism of the patient revealed no evidence 
of hyperparathjToidism. The serum calcium and phosphorus as 
well as the urinary excretion of calcium and the calcium balance 
were normal. 

5. The blood iodin was increased. The urinary excretion of iodin 
was increased. 

6. The plasma chlorid was low normal. The urinary excretion of 
chlorid was normal. 

7. Osteogenesis imperfecta does not appear to be due to hyper- 
parathyroidism. 

8. It is suggested that this disease is due to a congenital hypo- 
plasia of the mesenchyma, perhaps associated with a deficiency in 
bone phosphatase production. Further study of the latter is 
desirable. 
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SERUM PHOSPHATASE IN OSTEOGENESIS IMPERFECTA. 

By 0. Norris Smith, M.D., 

KESIDENT PATHOLOGIST, 

AND 

John M2.K. Mitchell, M.D., 

ASSOCIATE IN PEDIATRICS IN THE DEPARTMENTS OF PATHOLOGY AND PEDIATRICS, 
SCHOOL OP medicine, UNIVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA, - 

A SEVERE case of osteogenesis imperfecta was recently observed 
at the University Hospital (service of Dr. John Gittings) from birth 
until death 11 weeks later, and affords the opportunity of considering 
the serum phosphatase increase sporadically reported in this disease. 
In view of the preceding article^ in this journal, repetition of other 
historic, clinical and pathologic discussion of the syndrome is 
superfluous. 

In 1923, Robison^ demonstrated in ossifying animal cartilage the 
presence of an enzyme (“phosphatase”) capable of hydrolyzing 
phosphoric acid esters (such as are found in normal blood®> 
with the production of inorganic phosphate ions, which are readily 
precipitated by calcium from alkalin solution as complex inorganic 
salts. Its presence in cartilage which does not calcify, e. g., tracheal 
cartilage, is not appreciable,^ but its occurrence in other cartilage 
coincides with the appearance of the first ossification centers, as 
have been shown in vivo^ and in vitro, ^ and its concentration varies 
with the rapidity of calcification, diminishing with age.’^ Upon 
immersion of rachitic bone in an alkalin solution of calcium glycero- 
phosphate or hexosemonophosphate, fresh calcium salts are depos- 
ited.'^ For optimum activity, a temperature of 37° C., a pH of 
8.4 to 9.4, and trace of magnesium in the substrate are neces- 
sary.^- Under laboratory conditions, the same enzyme is 

allegedly capable of esterifying inorganic phosphate in the presence 
of suitable alcohols (glycol, glycerol and hexoses).®- 
Phosphatase is demonstrable in minute quantities in normal 
blood serum and corpuscles,'*- 1®- “ and is diffused throughout the 
tissues, but it is relatively concentrated only in the periosteum 
and epiphyseal zones of bone, in intestinal mucosa, and in Iddneys 
(after acquisition of excretory function).*^- Its concentration in 
serum is higher during childhood than in adult life,^ physiologically 
increasing during the absorptive period of digestion, especially 
with carbohydrate food, and diminishing with post-hemorrhagic 
anemia, malnutrition or starvation.^'*- The enzyme is excreted 
by the kidneys at a rather constant rate, even when present in 
abnormal concentration in the blood.^- 
The biochemical assay of this enz^nne depends upon the amount 
of phosphate liberated by hj^drolysis of / 3 -gIycerophosphate under 
return to normal under adequate therapy a valuable guide in 
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standard conditions. Unfortunately, several modifications of the 
original method have created much ambiguity concerning the unit. 
The normal ranges for three of the best known methods are pre- 
sented, but independent investigators^® find more variation in the 
convenience of the technique than in the accuracy of the results. 


NoRMAii Range of Serum Phosphatase (in Arbitrary Units). 


Method. For Children. For Adults. 

Kayi 0.17 to 0.34 Aver. 0.26 0.10 to 0.21 Aver. 0.15 

.Tenner and Kay^- . . 6.00 to 7.00 Aver. 6.00 

Bodansky=‘. . . 5.10 to 13.10 Aver. 7.30 2.00 to 3.50 Aver. 2.60 


Normal blood contains phosphoric acid esters susceptible to the 
hydrolytic action of this enzyme,*- '*• “ as well as the ionized calcium 
and suitable alkalinity necessary for precipitation of complex cal- 
cium phosphate. Wells’ concept^® of ossification as a physico- 
chemical precipitation of calcium carbonate and phosphate is now 
supplemented by this enzymatic release of phosphate ions at the 
site of ossification, the enzyme apparently being formed by the 
hj’pertrophic cartilage cells found there.® The selective affinity of 
bone for lead, radium and other similar metallic ions pathologically 
present is readily understood from this ^^e■wpoint. The phospha- 
tase present in the kidneys apparently plays no part in the excretion 
of phosphate in the urine, which is regarded as an overflow of the 
inorganic phosphate present in the blood. The role played by 
phosphatase elsewhere in the body, and the interpretation of 
abnormal concentration in the serum are subjects for speculation 
at the present time. 

Kay and Robison, of England, and Bodansky and Jaffe, of New 
York, have studied the serum phosphatase in a variety of clinical 
conditions. Kay^® feels that the deficiency of bone formation with 
abnormal softening permits a slow leakage of phosphatase into the 
blood, perhaps by being "squeezed out” of the pliable bone, and 
that the Uniform rate of renal excretion permits a steady rise in 
the blood concentration of the enzyme. Bodansky and Jaffe®®- ®^ 
object to this concept chiefly because of the ready physiologic 
fluctuation in normal individuals {vide supra), and believe that 
phosphatase variation is an expression of the capacity of bone for 
"cellular activities,” associated with the formation of abnormal 
bone (Paget’s disease) or osteoid tissue (rickets), and not with bone 
destruction per se. 

Clinically, the concentration of serum phosphatase is found ele- 
vated (often 10 times normal) in obstructive jaundice (except in 
some anemic patients), and in generalized bone diseases (osteitis 
deformans, generalized osteitis fibrosa, osteomalacia, rickets).^®- 
The test has a practical application in rickets,®^ where the increase 
is an accurate index of the activity of the process, and its subsequent 
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treatment. In the other conditions the increase is usually of more 
academic than clinical value in the light of present knovdedge. 

have found in the literature 23 cases of osteogenesis imper- 
fecta (fragilitas ossium) that include serum phosphatase studies, 
age and sex of the patient; but very rarely is there specific mention 
of blue sclerse, otosclerosis, and ultimate outcome of the case. Any 
one of such factors might show some correlation with the inconstant 
moderate rise in phosphatase level. In addition, Hansen”’' mentions 
3 cases, and Fraser^'' “several” with “normal” serum phosphatase, 
but with insufficient data for our tabulation here. Excluding 1 case 
with active rickets,-^ 8 of the remaining 22 patients showed a mod- 
erate elei^ation, ranging from 1.3 to 2.8 times normal average levels. 
Five of these 8 patients were in the 5- to 7-year age group, while 
6 of them were female. Bearing in mind the “several” cases with 
normal phosphatase levels not included, an average twofold increase 
in serum phosphatase has been reported in less than 30% of the 
cases, chiefly between the ages of 5 and 7 years. 

Hansetf’’ has published the only report of phosphatase tissue 
distribution in this syndrome, based upon study of a 7-year-old 
girl, whose antemortem serum phosphatase level was “normal.” . 
He found a virtual absence of the enzyme in the periosteum and 
subperiosteal structures, and an extremely low concentration in tlie 
duodenum. In the blood and in other tissues no significant varia- 
tion from normal values was demonstrated. 


Table I.— Phosphatase Values m Osteogenesis Imperfecta (Fragilitas 

Ossium). 


Reported by; 

Diagnosis. 

Age 

(yrs.). 

Sex, 

Serum 

phospliatasc, 
Ivay. Bodansky. 

Degree of 
elevation. 

Other factors. 

Hunter, D.2^ 

Osteog. imp. 

42 

M 

0.ie2u 

Normal. 


Bodansky, 

Frag, ossium 

38 

M 

2.4u 

Normal 


Dry, T. J.m . 

Osteog, imp. 

33 

F 

“Normal” 

Normal 


Kay, H. D.< 

Frag, ossium 

1 27 

M 

i 0.16u 

1 Normal 

■ 

Hunter, D. 

Osteog. imp. 

20 

M 

O.lOSu 

Normal 


Hunter, D. 

Osteog. imp. 

17 

M 

0.331U 

Normal 


Hunter, D. 

Osteog. imp. 

12 

F 

0.223U 

N ormal 


Hunter, D. 

Osteog. imp. 

9 

M 

0.27u 

Normal 

i 

Hunter, D. 

Osteog. imp. 

9 

M 

0.374U 

1.4 X Normal 


Kay, H. D, . 

Frag, ossium 

9 

iM 

0.27U 

Normal 

0.33u 1 mo. later. 

Kay, H. D. . 

Frag, ossium 

7 

M 

0.54U 

2 X Normal 


Hansen, A. E.-’ 

Osteog. imp. 

7 

F 

''Normal" 

Normal 

1 Autopsy studies. 

Bodansky, A. . 

Frag, ossium 

7 

M 1 

35. 2u 

6 X Normal 

Active rickets. 

Kay, H. D. . 

Frag, ossium 

6 

F 1 

0.66U 

2.5 X Normal 


Kay, H. D. . 

Frag, ossium 

6 

F ! 

O.olu 

2 X Normal 

i 

Bodansky, A. . 

Frag, ossium 

5 

F 

9.9u 

1.3 X Normal 

Anemia. 

Bodansky, A. . 

Frag, ossium 

5 

F 

19. lu 

2.8 X Normal 


Bodansky, A. . 

Frag, ossium 

3 

M 

7.0u 

Normal 


Crooke. 

Osteog. imp. 

2 

F 

0.30U 

Normal 


i\lembcrg29 

Osteog. imp. 

2 

M 

“Normal” 

Normal 


Authors’ case . 

Osteog. imp. 

3 mos. 

F 

0.442U 

1.7 X Normal 

Anemia 

ivIeinberK, S. . 

Osteog. imp. 

2 mos. 

F 

15. 6u 

2.2 X Normal 


Crooks, J. . 

Osteog. imp. 

8 days 

F 

0.30u 

Normal 



Case Report. A living female infant weighing 4 pounds and 8 ounces was 
bom (spontaneous breech) April 17, 1935, after 5 hours’ labor, the second 
child of a Wassermann negative 22-year-old white woman whose prewous 
baby is normal and well, aged 20 months. In previous good health, the 
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mother was confined to bed 1 week during the first trimester of this preg- 
nancy, suffering Avith a “nervous breakdqnm,” and her diet throughout 
gestation has been apparently quite deficient owing to her aversion for 
vegetables and meat. Despite this her weight increased from 98 to 125 
pounds. She first attended the prenatal^ dispensap’^ in February, 1935, 
and was examined monthly thereafter without evidence of abnormality 
until her admission to the hospital in_ active labor 2 weelcs prior to the 
expected date of confinement. No evidence of disease or deformity _was 
discovered on physical examination, and her convalescence was entirely 
uneventful. Careful Roentgen studies of her entire skeletal sj'stem revealed 
no abnormality, and her serum calcium (10 mg. per 100 cc.) and phosphorus 
(4.1 mg. per 100 cc.) were nnthin normal limits. The father has likewise 
enjoyed good health. An aunt and allegedly other more distant paternal 
relatives had blue sclerse, but neither brittle bones nor otosclerosis has been 
recognized among them. 

The infant at birth presented the extensive deformities of the extremities 
that are shonm in the accompanjdng picture. The head was large, the hair 
silky and rather abundant, and the ossification of the head was appreciable 
only in the temporal bones and in those composing the face. The cranium 
was likened to a “bag of skin,” and the sclerte were decidedly blue. Many 
nodules were palpable through the thin subcutaneous tissue along the ribs, 
and a few subcrepitant rales were detected in the lungs. The heart sounds 
were of good quality, without murmurs, and no abnormalities could be 
demonstrated in the abdomen or genitalia. There was marked varus of 
the left knee and valgus of the right Imee, accompanied bj" hyperabduction 
deformity of the right femur. The arms were in semi-abduction and flexion. 
The knee joints were paidially ankylosed, and the elbows resistant to mobil- 
ity. Preternatural movement was especially noteworthy in the right 
femur and the right humerus. 

Roentgen studies revealed 14 fractures nath much evidence of healing 
in the extremities, innumerable fractures of the ribs, and a general lack of 
normal radio-opacity of the bones. The urine and blood cqunt were not 
abnormal, but a secondary anemia (71% hemoglobin, Salili method) devel- 
oped during the 3 months of life. The serum calcium (10.4 mg. per 100 cc.) 
and phosphorus i5.7 mg. per 100 cc.) were within normal limits, while 
the serum phosphatase determination (Dr. F. William Sunderman) of 
0.442 unit (Kay) was 70% above the average normal and'30% above the 
upper limit of normal for infants. 

The cliild was placed on an evaporated milk-Karo formula, but its weight 
never reached 5 pounds during the 11 weeks of life. Regurgitation of food 
and variable low fever without apparent cause w^ere frequently encountered. 
The child was decidedly vegetative, Ijing almost motionless, and apparently 
unresponsive to sounds sufficient 1o elicit eridence of recognition in normal 
infants. _ Therapy was limited to ritaniin preparations and daily sun-lamp 
irradiations. A temperature of 103 F. without recognizable cause occurred 
on the last day, but the child was unexpectedly found dead on July 7, 
1935, aged 81 days. 

Autopsy Findings. (No. 35-129, 14 hours after death by Dr. 0. N. Smith.) 
The body w'as that of a moderately emaciated, deformed, female infant, 
weighing 2050 gm. The head was large, the face small, and the ears dis- 
placed somewiiat cavidally. The anterior calvarium was partially calcified, 
but flexible to palpation. The posterior aspect of the cranium was flattened 
and verj^ soft. The anterior foiitanelle W'as widely patent, and the sutures 
were not umted, although the margins w'ere in apposition. The hair was 
scant over the frontal region, but of fair grow'th over the parietal and 
temporal areas. The bitemporal circumference of the head was 33 cm., its 



Pla,te I. — Roentgen picture taken the day after birth, showing generalized rarefaction oi 
bone, multiple fractures with marked callus formation, and extensive deformities. 
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vertical height 12 cm., and the length of the trunk 20 cm. The deformities 
of the extremities were essentiallj'^ the same as at birth, but preternatural 
mobility was no longer present. 

Gross and microscopic study of the viscera (including the thyroid, para- 
thyroid, thymus and adrenals) revealed no striking abnormality. There 
was microscopic passive congestion with slight edema of the lower lobe 
of the left lung. The ovaries were large, each measuring 10 by 6 by 4 mm., 
and contained several rather large follicle cysts. No brain lesion was found, 
nor could pus be demonstrated in the middle ears. 

Pathologically, the skeletal lesions were of paramount interest. The 
occipital bones consisted of a mosaic of an uncountable number of small 
irregular fragments, simulating shattered eggshell, and diploic marrow was 
visible only in the anterior portion of the cranium. The ribs were irregu- 
larly beaded with 85 distinct nodules of callus, and each clavicle showed a 
single healed fracture. Including the 14 fractured of the long bones of the 
extremities previously noted, there was present a total of 101 fractures 
with evident healing. The bulk of the vertebral bodies consisted of carti- 
lage, giving little resistance to the hnife. 

Microscopic study of stained (hematoxylin-eosin and Mallory’s connective- 
tissue, stain) sections from the vertebrm, ribs, femur, tibia and fibula showed 
the diaphyseal abnormalities described as characteristic of this disease. 
The periosteum was considerably thickened with fibrous tissue. The cortex 
presented an extremely thin, discontinuous osseous shell supported by 
uncalcified fibrillar substance, less_ dense and more cellular than the peri- 
osteum. The trabeculae were diminished in number, imperfectly calcified, 
and sparsely scattered with little continuity; there was marked irregularity 
in lamellae. The osteocytes were larger and much more closely packed than 
in normal bone.’ Many osteoblasts lined the margins of the trabeculae, 
and were underlaid by a narrow pallid zone of uncalcified preosseous sub- 
stance. Howship’s lacunae were rather sparse but large, the majority con- 
taining osteoclasts. In the ribs, the fractures were the seat of annular 
rings of uncalcified compact hyalin cartilage, appearing on cross-section 
as a subperiosteal wedge with the apex directed inward. In the long bones 
the fracture lines were marked by fibrillary healing, with definite increase 
in the number of trabeculte bordering the zone of fibrous repair. The 
normal continuity of cancellous bone was nowhere evident, obviously as 
the result of numerical lack of trabeculse, but the resemblance to normal 
was closer in the vicinity of these fractures. 

Conclusions. 1. The origin, distribution and excretion of phos- 
phatase and its r6Ie in normal individuals is briefly reviewed. 

2. In the cases of osteogenesis imperfecta reported with serum 
phosphatase studies, an increase averaging about t-wice normal 
occurs in less than 30%, chiefly in patients between the ages of 
5 and 7 years. In the remaining 70% the serum phosphatase was 
within normal limits. 

3. This elevation is of more academic interest than of clinical 
value at this time, as its mechanism is not yet understood. 

4. A severe case of osteogenesis imperfecta is presented, with 
notes on the clinical course (81 days) and autopsy findings. The 
serum phosphatase in one determination was 1.7 times the average 
normal level. 
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THE ELEVATED BLOOD UREA OF ACUTE GASTRO-INTESTINAL 
HEMORRHAGE AND ITS SIGNIFICANCE. 

By Alfred P. Ingegno, M.D., 

ASSISTANT RESIDENT, DEPARTMENT OF INTERNAL MEDICINE, LONG ISLAND COLLEGE 

HOSPITAL, BROOKLYN, N. Y. 

(From the Gastric Ser-vice of the Department of Internal Medicine, Long Island 
College Hospital and Long Island College of Medicine.) 


The occurrence of elevated blood nitrogen figures in acute gastro- 
intestinal hemorrhage has received little consideration in recent 
medical literature, aside from the contribution of Sanguinetti,^ 
which was published since the inception of this investigation. In 
the present report, 42 cases of hemorrhage due to peptic ulcer 
are analyzed, with particular reference to the presence of azotemia 
and its significance. The data are summarized in Table 1. 
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Table 1. — Blood Chemical and Associated Findings in 42 Cases of Hemorrhage 
' Due to Peptic Ulcer. 



Sex. 

Age. 

Urea. 

H.* 

Interval, acute hem- 
orrhage to blood 
analysis. 

! 




3d or 
less. 

More 
than 3d. 

Group 1 : 17 cases . . , 

Blood urea more than 38 

M 14 

28-68 

! 

40-103 

21-96 

14 

1 

3‘ 

mg. per 100 cc. . 

j F 3 

Av. 49 

Av. 68 

Av. 60 



Group 2; 25 cases . 

M 18 

17-63 

j Less 

20-95 

4 

21 

Blood urea less than 38 mg. 



than 38 




per 100 cc 

F 7 

Av. 39 


Av. 53 




Blood cWorids, uric acid, creatinin and alkalin reserve were within normal 
limits. A moderate leukocytosis and elevated blood sugar were usual in Group 1. 
All cases of both groups had normal blood pressure, negative urinary albumin and 
sediment and urine concentration of 1020 or better. No deaths. 


Wliile the maximum normal range of blood urea is from 10 to 
50 mg. per 100 cc., most analyses fall between 18 and 38 mg.,^ 
and consequently the last figure may be taken as the usual normal 
upper limit. Of the 42 cases studied, 17 (42%, Group 1) had blood 
urea over 38 mg. per 100 cc. Of these, 10 were over 50 mg. per 
100 cc. Twenty-five (58%, Group 2) had blood urea well within 
normal limits and served as a control group for those with elevated 
nitrogen figures. 

Neither sex nor age can be considered to be of significance in the 
causation of the abnormally high figures of Group 1, although the 
group with elevated urea averaged 10 years older than the normal 
group. No significant correlation betNveen the degree of anemia 
per se and the azotemia was noticeable. In fact, the average 
hemoglobin of the normal group (53 %) was lower than that of the 
azotemic group (60 %) . 

lAfiien consideration was given, however, to the time relation 
between the occurrence of the hemorrhage and the taking of the 
blood samples for analj'sis, it immediately became apparent that 
the high nitrogen figures were foimd almost exclusively in those 
examined within 3 days of the acute episode. Thus, 14 of the 
17 patients of Group 1 had suffered their hemorrhages within 
72 hours of the taking of the blood samples (11 within 24 hours). 
Of the group with normal nitrogen figures, only 4 had their hemor- 
rhages within 3 days; the remainder, anwvhere from 3 days to 
several months before. Further, as would be expected, the first 
group as a whole is one of acute hemorrhage, usually with vomiting 
of considerable amounts of blood, and requiring immediate hospitali- 


* H = Hemoglobin, .Sahli. 
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zation. The second group is made up for the most part of chronic 
bleeders, although some had had a severe acute hemorrhage a long 
time before the taking of the chemistry. 

The elevation of urea nitrogen in acute gastro-intestinal hemor- 
rhage probably depends on several factors. Sudden blood loss in 
itself will cause an increase in the blood non-protein nitrogen figures,^ 
as will shock."’® These, of course, play a part in cases of gastro- 
intestinal hemorrhage, causing accelerated protein catabolism. 
Dehydration, too, will tend to raise blood nitrogen.^ This factor 
was probably not negligible in the present series. Although gastric 
hemorrhage cases admitted" to this hospital are routinely put on 
the diet recommended by Andresen,® in which an adequate amount 
of fluid in the form of gelatin solution is given, nevertheless the 
dehydration woifld hardlj'" have been righted in the short interval 
before the taking of a blood sample. In this diet there is a signifi- 
cant amount of protein, but since the entire series was treated 
similarly, this cannot be considered a factor. The brief enforced 
starvation during the period of blood loss and dehydration may 
play a part,® although probably not as much with the Andresen as 
with other forms of treatment. 

Impairment of kidney fimction probably was not concerned, as 
evidenced by normal blood pressure, good urine concentration and 
negative urinary albumin and sediment. Experimentally, kidney 
excretion of water is unimpaired by extensive bleeding.^® Sanguin- 
etti, too, does not consider that kidney dysfunction pays any part 
in the azotemia of gastro-intestinal hemorrhage.^ With' him we 
may feel that the most significant factor implicated is the appre- 
ciable quantiW of nitrogen represented by the protein of the blood 
liberated into the gastro-intestinal tract. The absorption of this 
would cause a considerable elevation of the blood figures, particu- 
larly in cases where bleeding is continuous, although vomiting is 
not marked, and constipation is present as a result of morphin and 
the recumbent posture. 

The azotemia of acute gastro-intestinal hemorrhage probably in 
itself plays little part in the clinical symptomatology, since it rarely 
reaches uremic proportions in cases uncomplicated by other ade- 
quate causes of elevated blood non-protein nitrogen figures. In this 
series, which is composed of uncomplicated cases, there were no 
deaths. In 1 case of cirrhosis and diabetes mellitus with very 
severe gastro-intestinal hemorrhage, due to a ruptured esophageal 
varix, there was definite uremia on admission, with a blood urea of 
160. At autopsy this man had severe degenerative parenchjona- 
tous change of the kidneys. In uncomplicated cases, however, a 
urea above 102.7 was never noted, and uremia never played an 
appreciable part in the clinical picture. One can hardly, therefore, 
regard the azotemia with as much apprehension as Sanguinetti, 
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and certainly it does not seem that one would ever be driven to so 
drastic a procedure as cecostomy to insure the elimination of 
retained blood, as he suggests, should surgical intervention be 
indicated. 

That determinations of the blood urea may have definite prog- 
nostic significance cannot be denied, as Duval and Grigant demon- 
strated in the instance of shock due to wounds® and as Sanguinetti 
and. I have also observed in gastric hemorrhage. Thus, in the 
complicated case cited above, with persisting hemorrhage the urea 
^rose to 246 before death. Similarly, in a fatal uncomplicated case, 
seen since the compilation of the data in this paper, the persistence 
of azotemia 1 week after the original chemical determination indi- 
cated continuing hemorrhage and presaged the patient’s death. 
The fact that the elevated urea was not usually observed in cases 
seen more than 3 days after the acute hemorrhage agrees with 
Sanguinetti’s observation that the maximum figures are attained 
on the third or fourth day. There is a rapid return to normal 
with cessation of hemorrhage. This was so in 2 cases reexamined 
on the eighth and ninth days. It is probable, therefore, that a 
closer watch of the chemical composition of the blood in patients 
with gastro-intestinal hemorrhage who do not do well clinically 
may confirm the impression of persisting hemorrhage and may 
indicate the necessity for more radical, possibly surgical, treatment. 

Dr. A. F. R. Andresen has brought to my attention Christianson’s 
very recent report of 21 fatal cases of massive hemorrhage in peptic 
ulcer.” The general exhaustion which precedes death is considered 
to be on the basis of extrarenal hyperazotemia, preceded and accom- 
panied by achloruria, rather than due to true anemia from per- 
sisting blood loss. This conception of the significance of uremia 
in gastro-intestinal hemorrhage is at variance with the impression 
gained from the uncomplicated, non-fatal cases reported here. 

The urinary chlorids were not studied in any of the present series. 
Only 5 blood chlorid estimations were made (2 in Group 1; 3 in 
Group 2). These were normal. Nor was there any consistent 
abnormality in several alkalin reserve determinations made. 

Of 4 fatal cases of gastro-intestinal hemorrhage, only 1, cited 
above, was uncomplicated. His urea did not go above 72 mg. per 
100 cc. shortly before death from continuing hemorrhage. This 
could hardly have played any part in his death, although its per- 
sistence at this level in comparison with a previous chemistry was 
of prognostic significance. 

Another, also mentioned above, had diabetes mellitus and hepatic 
cirrhosis with a ruptured esophageal varix. This patient continued 
to have terrific hematemeses and, although his urea climbed from 
160 to 246, his blood loss was reasonably the major cause of death. 
Prior to death, he failed to concentrate above 1018 on 3 urine 
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examinations and an abnormal urinary sediment indicated the 
severe renal damage revealed at postmortem. 

A patient with cirrhosis and ruptured esophageal varix continued 
to vomit blood until death. He failed to show even the usual ' 
azotemia of acute gastro-intestinal hemorrhage. 

Another patient having duodenal ulcer with mild hematemesis 
showed a slight elevation of the blood urea at a time when the 
clinical picture was complicated by bronchopneumonia and jaundice. 

These observations do not suggest that uremia plays any great 
part in the clinical picture of acute gastro-intestinal hemorrhage. 
The elevated blood nitrogen figures, per se, probably have no sig-' 
nificant effect on the final outcome, except that, as already noted, 
persistent elevation may point to persistent hemorrhage. 

Summary and Conclusions. 1. In cases of acute gastro-intestinal 
hemorrhage studied within 3 daj’^s of the occurrence of the hemor- 
rhage, there is an elevation of the blood urea above normal. This 
is probably due to the nitrogen intake represented by the protein 
of the blood retained in the gastro-intestinal tract, plus the factors 
of hemorrhage, per se, shock, dehydration and starvation. 

2. In uncomplicated cases this azotemia does not reach uremic 
proportions and plays little, if any, part in the symptomatology. 

3. In cases with continuing hemorrhage the elevated urea persists 
or increases and points to an unfavorable outcome. The use of this 
diagnostic aid in cases which are not doing well may point to the 
necessity for radical intervention. 
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Various anticoagulants in widely different amounts have been 
used in determining the sedimentation rate of red blood corpuscles 
(Table 1). 

Table 1. — Vabious Anticoagulants Used in Sedimentation Tests. 


Investigator. Anticoagulant. Amount. 

Westergrent . . . 3.7% sodium citrate 0.2 cc. to 0,8 cc. blood. 

Linzenmeier^ . . . 5.0% sodium citrate 0.2 cc. to 0.8 cc. blood. 

Hunts 1.6% sodium citrate 0.5 cc. to 3.5 cc. blood. 

Cutler* 3.9% sodium citrate 0.5 cc. to 4.6 cc. blood. 

Jacobs® 5.0% sodium citrate 0.4 cc. to 1.6 cc. blood. 

Plass and Rourke® . . Heparin 1.6 mg. dry to 5 cc. blood. 

Rubin and Smitb^ . . Hirudin 1.0 mg. dry to 5 cc. blood. 

Cooper® 20% potassium oxa- 3 drops, allowed to dry, to 

late 15 or 20 cc. blood. 

Linton® Powdered sodium 14 mg. to 5 cc. blood. 

oxalate 

Mathieu*® .... PowderCd potassium 2 mg. to 1 cc. blood. 

oxalate 


Jolmsonii found that dry potassium oxalate and dry heparin 
increased the rate of sedimentation; sodium citrate in concentra- 
tions ranging from 2.5 to 5% gave slight variations in the sedimen- 
tation rate. He failed to state the amoimts of the first 2 anti- 
coagulants used. 

Walton^^ used 1 cc. of 3.8% sodium citrate to 9 cc. of blood. 
He states that many parallel experiments were made using various 
anticoagulants, such as potassium oxalate crystals, hirudin and 
heparin, but he gives no results, nor does he state the amounts used. 

This study was undertaken to determine the effects of various 
anticoagulants in equimolecular and other concentrations, and the 
effects of using the anticoagulant dry, or with varjdng amounts of 
solvent, on more than one method. The Cutler (large and small 
tube), the Westergren and the Linzenmeier methods have been 
used. The anticoagulants used include sodium citrate, ammonium 
citrate, sodium oxalate, potassium oxalate, ammonium oxalate and 
heparin. 
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Since sodium citrate is used in the 3 above methods, it serves as 
the control. The formula is 2Na3C6H507.11H20, and molecular 
weight is 714.3. Cutler used 3%, or 0.0042 gm. mol. per 100 cc.; 
this is 15 mg. to 5 cc. final volume, for the large tube (0.5 cc. solvent 
and 4.5 cc. blood), and 3 mg. to 1 cc. for the small tube (0.1 cc. 
solvent and 0.9 cc. blood). Westergren uses 3.7%, or 0.0051 gm. 
mol. per 100 cc. ; this is 3.7 mg. to 1 cc. final volume (0.2 cc. solvent 
and 0.8 cc. blood). If 2.5 cc. is desired as the final volume, 18.5 mg. 
of citrate are used. Linzenmeier uses 5%, or 0.007 gm. mol. per 
100 cc.; this is 10 mg. to 1 cc. final volume (0.2 cc. solvent and 
0.8 cc. blood). 

Table 2 shows the amounts of the various anticoagulants, which 
are equimolecular to the sodium citrate used in each method : 


Table 2. — Amoukts or Anticoagulants Used in Each Method. 


Anticoagulant. 

Mol. 

wt. 

Cutler. 

Westergren. 

Linzenmeier. 

Ammonium citrate, 
(NHOiCeHsOr 

243.2 

1.0214% 

5.107 mg. to 5 cc. 

1.2403% 

6.202 mg. to 2.5 cc. 

1.7024% 

3.405 mg. to 1 cc. 

Sodium oxalate, I 

NatCaO* 1 

134.0 

0.5628% 

2. 814 mg. to 5 cc. 

0.6834% 

3.417 mg. to 2.5 cc. 

0.938% 

1.876 mg. to 1 cc. 

Potassium oxalate, 
K,C,04.H-.0 

: 1S4.2 

1 

0.7736% 

3 . 868 mg. to 5 cc. 

0.9394% 

4.697 mg. to 2.5 cc. 

1.2894% 

2.579 mg. to 1 cc. 

Ammonium oxalate 
(NH.)!C:0,.HiO 

142.1 

0.5968% 

2 . 984 mg. to 5 cc. 

0.7247% 

3.623 mg. to 2.5 cc. 

0.9947% ■ 
1.989 mg. to 1 cc. 

Heparin in 0.9% NaCl 

... 

1 mg. to 5 cc. 

0.5 mg. to 2.5 cc. ■ 

0.1 mg. to 1 cc. 


Human blood was used throughout. In the control by each 
method, the determination was made as described by each author. 
In the studies in which the amount of solvent was varied, the anti- 
coagulant was used, dry, with half the control amount of solvent, 
and with tvuce the control amount of solvent. The amount of 
blood varied accordingly, in order to keep the final volume the same 
as in the control. 

Only the Cutler (large tube) and the Westergren results will be 
reported in detail. Only the 1-hour readings will be given. Table 3 
presents the results. The control serves as the minuend in each 
case, to arrive at the difference. 

In the Cutler method, increase of solvent delays and decrease of 
solvent hastens the rate of sedimentation. Increasing the amoimt 
of anticoagulant (sodium citrate) tends to delay the rate. Ammo- 
nium citrate gives a slight increase in the rate; sodimn oxalate has 
little effect unless used dry. Potassium oxalate has slight effect; 
ammonium oxalate hastens the rate. Heparin increases the speed 
of sedimentation unless the amount of solvent is greater than the 
control amount. 

In the Westergren method, as wuth the Cutler, an increase of 
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solvent delays and a decrease hastens the rate of sedimentation, and 
an increase in the amount of anticoagulant tends to delay the rate. 
With ammonium citrate the rate is slightly decreased, contrar^^ to 
the results with the Cutler method. Sodium oxalate gives a slight 
retardation; potassium oxalate has little effect; ammonium oxalate 
gives a slight increase in rate. Heparin increases the speed of 
sedimentation unle'ss the amount of solvent is greater than in the 
control. 

The results with the small Cutler tube were essentially the same 
as with the large Cutler tube. In the Linzenmeier method the 
results of varying the amount of sodium citrate and of varying the 
amount of the solvent Avere essential^ the same as with the Cutler 
method. Ammonium oxalate and heparin hastened the sedimenta- 
tion rate; the other anticoagulants were not tried. 

Summary. Although the changes in the sedimentation rate are 
probably not great enough to affect the clinical results markedly, 
the following observations are interesting. Decrease in the amount 
of solvent hastens sedimentation; one can expect a faster rate when 
the anticoagulant is used dry. An increase in the amount of solvent 
beyond the control amount retards sedimentation, although the 
blood is diluted. An increase in the amount of anticoagulant, 
without change in the amount of solvent, tends to retard sedimen- 
tation. Ammonium citrate increases the rate in the Cutler and 
decreases it in the Westergren. Sodium oxalate, potassium oxalate 
and ammonium oxalate tend to increase the rate in the Cutler 
method, in the above order. The first decreased the rate in the 
Westergren, the second had no effect and the third increased the 
rate. Heparin increases the rate in all cases, unless used with a 
greater amount of the sohmnt than the control. 

Conclusions. Sodium citrate is a highly satisfactory anticoagu- 
lant for use in the sedimentation test. 

Fifteen milligrams in 0.5 cc. of distilled water, or 0.5 cc. of 3 per 
cent sodium citrate, is sufficient to prevent coagulation in 4.5 cc. 
of blood; this amount does not hemolyze the red blood corpuscles. 
A change either in the amount of anticoagulant or in the amount 
of sohmnt alters the rate of sedimentation. 
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The dry venom of the Australian tiger-snake readily clots 
12,800,000 times its Aveight of heavily citrated or oxalated blood. 
Whether this fantastic clotting power may be of clinical value in the 
treatment of hemorrhage has been the subject of the investigations 
which are presented herein. 

It seemed to the authors that tiger-snake venom AA'^ould be superior 
to other local hemostatic agents for the following reasons. First, 
it quickly produces a firm fibrin clot; second, it hastens the clot 
retraction; third, it does not require preliminary collaborating 
factors— thromboplastin, calcium, prothrombin— to coagulate the 
fibrinogen. The venom acting as a thrombin substitute requires 
only the presence of fibrinogen to form a clot (Fig. 1.) 

Knowledge of this unusual power of tiger-snake venom is based 
upon experiments performed by many investigators during the 
past 42 years. Martin^ in 1893 first demonstrated the activity of 
certain Australian snake venoms— Notechis scutatus, the tiger 
snake, and Pseudechis porphyriacus, the black snake— in causing 
the coagulation of blood in vivo. He showed that intravascular 
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dotting occurred quickly when a sufficiently large dose* was rapidly 
injected into the blood stream. However, when the dose was smaller, 
the blood after, a brief period (a few minutes) of increased coagula- 
bility— the .positive phase— partially or entirely lost its capacity 
to clot for many hours— the negative phase. '\Affien such blood in the 
negative phase was analyzed an absence of fibrinogen was noted; 
and the blood did not clot even if thrombin or coagulant venom in 
any quantity were added^-®. The blood did clot, however, when 
fibrinogen was added.^ 


Figure 1. 
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In 1905 Martin^ working with tiger-snake venom confirmed the 
findings of Lamb® who had used the coagulant venom of another 
snake— the Russell viper of India. Martin found that minute 
doses of venom could coagulate in vitro blood which had lost the 
capacity for spontaneous coagulation on account of the addition 
of citrate, oxalate, or fiuorid. He concluded that the coagulant 
venoms contained true fibrin ferments (thrombins). More recently 
Kellawaj’’® made extensive investigations in the titration and pharm- 
acologic action of various Australian venoms, stressing the very 
powerful coagulant action of the tiger-snake venom. In August, 
1934;, the writers, in a personal communication to Dr. Kellaway 
suggesting its use as a coagulating agent in hemotrhagic conditions, 
especially in hemophilia, procured from him a supply of tiger- 
snake venom with which to pursue clinical studies. In November, 
1934, McFarlane and Barnett^ using the coagulant venom derived 


* 0.1 mg. (or more) intravenously for dogs, cats or rabbits. 
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from the Russell ^dper as a local hemostat, reported encouraging 
results in bleeding cases, including hemophilia; however no details 
of the treated cases were described. In 1935 Rosenfeld and Wiener® 
described a new method of determining quantitatively plasma fibrin, 
basing it on the coagulant activity of tiger-snake venom. 

In Table 1 the snake venoms noted for their powerful coagulant 
action are listed, in order of their potency. Martin^ regards tiger- 
snake venom as the most powerful, followed by the black snake, 
Echis carinatus, and daboia. Houssay and Sordelli® believe the 
Austrahan venoms to be the most active, followed by the Lachesis 
group, and after these the Vipera russellii. The exquisite coagula'nt 
activity of tiger-snake venom is also shown by the experiments of 
Kellaway.®^ 


Table 1. — Snake Venoms Having a Coagulant Action. • 


Family. 

Genua and apeciea. 

Common name. 

Habitat. 

Colubridffi 

NoteoMs scutatus 

Tiger snake 

Australia. 

Colubridffi 

Pseudechia porphyriacus 

Black snake 

Australia 

Viperidse 

Echis carinatus 

Phoorsa 

India. 

Viperidse 

Lachesis neuwiedii 

TJrutu 

- Brazil. 

ViperidsB 

Lachesis lanceolatus, or 
Bothrops atrox 

Fer-de-lanee 

Tropical America. 

Viperidse 

Vipera russellii 

Daboia 

India. 


The venom of the tiger snake has been chosen for investigations 
for the following reasons; 

1. Its clotting power is unexcelled. 

2. Hemorrhagins (endotheliolysins) which produce local hemor- 
rhagic extravasations are minimal in tiger-snake venom, whereas 
they are abundantly present in the Viperidee, such as the daboia 
and the fer-de-lance (Kellaway;®“ Calmette®). Calmette states 
that the venoms of the Viperidse have a much greater local effect 
on mucous membranes than those of the Colubridee, and may cause 
a severe acute inflammation with hemorrhages. When ingested 
orallj^ large amounts of the venoms of the Colubridse are irmocuous, 
whereas those of the Viperidm, especially the Lachesis group, pro- 
voke a violent gastritis, from which the animal may die. 

3. Tiger-snake venom does not appear to render tissues unduly 
susceptible to bacterial invasion, as do venoms of the Viperidse 
(Kellaway®’). 

4. It has very little or no proteolytic action. On the other hand, 
Calmette® states that the coagulant venoms of the Viperidse produce 
an intense proteolysis, even in weak solutions, so that the compact 
clots formed at fii’st soon become soft and may then dissolve. 

■While it is true that the undesirable neurotoxin is more powerful 
in tiger-snake venom than in Viperidee venoms, the minimal amounts 
of venom required and its action in closing the channels of absorp- 
tion by local tlxrombosis, provide for tiger-snake venom a therapeu- 
tic index well vdthin the limits of safety. 



782 


KOSENFELD, LENKE: TIGER-SNAKE VENOM 


Preliminary Experiments. Preceding the clinical work, experiments 
were performed to assay the properties of the venom in vitro and in vivo. 

A. Titration of the Coagulant Power of the Venom. A rack of tubes was 
prepared, each containing 0.1 cc. of progressive dilutions of venom in saline, 
each tube having \ the strength of the preceding one. The resultant titers 
extended from 1/1000 to 1/12,000,000. A control tube containing 0.1 cc. 
of normal saline was also used. To each tube was added 0.4 cc. of freshly 
dravm whole blood, rendering the final dilutions of venom 5 times as high 
as the original dilutions noted above. The coagulation time was measured 
with a stopwatch. Although the control blood required 8 minutes to clot, 
the venom caused firm clot formation nithin 1 minute up to a dilution of 
1/320,000. 

■ Using citrated or oxalated whole blood in a similar fashion, it was found 
that a final dilution of 1/160,000 venom produced a clot in 1 minute. It 
then became apparent that if plasma instead of whole blood were used, a 
nicer end point could be observed, the solution acquiring a whitish opacity 



Graph I. — (.Semilogarithmic), showing the reduction in elotting power of stored 
venom as against fresh venom. 


just before clotting took place, thereby obviating the necessity of too fre- 
quent agitation. In all subsequent titrations, therefore, citrated plasma 
was used. Since the coagulation time of plasma was found to increase vath 
its age, only fresh plasma was employed. All experiments were performed 
at room temperature. 

Graph I represents the results of such a titration with freshly prepared 
venom, the ordinate representing dilutions of venom, the abscissa showing 
the coagulation time. The superimposed dotted line represents a titration 
of similar venom which had been stored for 2 months in the ice box at a 
dilution of 1/5000 in normal saline solution. The increased coagulation 
time shows that the clotting power of the stored venom has been moderately 
reduced by allowing it to remain in normal salt solution for 2 months. 

B. The Clotting Unit. In an effort to standardize various batches^ of 
venom and to detect deterioration in stored solutions an arbitrary clotting 
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unit was devised. One clotting unit was defined^ as the clotting power 
present in the highest dilution of venom which will produce coagulation 
of freshly citrated plasma within 2 minutes,* the plasma being added to the 
various tubes of diluted venom in the .proportion of 4 to l as described 
above. ■ If the titration is so performed on an unknown solution of venom 
and if n represents the number of the last tube in which clotting occurs 
within 2 minutes, then a simple formula for the calculation of the units 
per cc. of unlmovTi solution = 5 x 2“-b Tested in this way 1/5000 solutions 
of our various batches of tiger-snake venom proved to contain at least 7 
units per cc. 

C. The CloUing Action on Pathologic Blood in Vitro. Blood specimens 
were obtained and coagulation time by the Lee and White method were 
determined in the following cases. 


Table 2. — Changes in Clotting Times upon Addition op Tigek-snake Venom. 


Hosp. No. 

H. G. 

154505 

Disease. 

Hemophilia 

Clotting time. 

Without With 

venom venom 

(minutes). (seconds). 

(a) 5 (a) 50 

(b) 12 (b) 50 

B. L. 
178536 

Hemophilia 

63 

55 

R. S. 
178702 

Essential purpura hemorrhagica (bleeding 
time more than \ hr. Platelets = 2000) 

7 

.50 

O.S. 

169638 

Essential purpura hemorrhagica (bleeding 
time = 5§ mins. Platelets = 80,000) 

4| 

60 

-H. N. 
178960 

Acute myeloblaatic leukemia (bleeding 
time = 20 mins. No platelets in smears) 

10 

45 


These experiments demonstrated that in vitro the tiger-snake venom was 
efficacious in clotting the blood of patients suffering from active hemorrhagic 
disease. Most interesting was the observation that hemophiliac blood could 
be clotted as easily as normal blood. 

D. Animal Experiments. The results of animal inoculation of the venom 
confirmed the observations of previous authors. 

1 . Coagulant Action. A series of experiments on cats showed that 0.5 mg. 
per kilo given intravenously produced death within 2 minutes. Autopsy 
revealed extensive intramuscular thrombosis. Intravenous injection of 
0.1 mg. per kilo in cats caused death in 2 hours. Before this injection the 
clotting time of the cat's blood Avas 4 minutes; 15 minutes after the injection 
of venom another specimen of blood w'as wnthdrawm, which showed no 
tendency to clot after several days’ observation. Even the addition of a 
large amount of venom failed to produce clotting. Autopsy of such “nega- 
tive-phase” animals revealed fluid blood throughout the vascular tree 
except for a stringy thrombus in the portal vein. 

2. Hemorrhagin. While intraperitoneal injection into mice of 1 cc. of 
1/5000 solution (0.2 mg.) of moccasin venom produced a copious sero- 
sanguinous peritoneal exudate, no gross sign of peritoneal irritation was 
noted in the mice recei^dng an equal dose of tiger-snake venom. 

3. Neuroioxin. Subcutaneous injection of 0.05 mg. per kilo, regularly 
killed rabbits vithin 24 hours, whereas intravenous injection of 0.005 mg. 

* Coagulation within a period of 2 minutes was selected because: 1, It is the 
nearest approach to clinical requirements; 2, several tubes seem to clot almost simul- 
taneously at about this time; 3, the more delayed clots are of poorer consistency. 
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per kilo regularlj’- killed them ■within 15 minutes. A rapid method of esti- 
mating the neurotoxic potency of tiger-snake venom was that of subcutane- 
ous inoculation of mice. Subcutaneous injection of 0.2 mg. regularly 
killed mice (•weighing about 15 gm.) ■within 30 minutes, paralysis ascending 
from the hind-legs to the fore-legs, the heart continuing its pulsation for 
several minutes after respiration had ceased. 

Preparation of Venom Solutions. The dried venom ■was pulverized, and 
100 mg. lots were weighed out on a quantitative balance. Sterile normal 
saline solution was added to produce the required dilution, 1/100 volume 
of 1% merthiolate solution being included. The resultant saline solutions 
of venom (1/1000 and 1/5000 containing 1/10,000 merthiolate) were stored 
in the ice box for 2 days and then tested for steriUty. Aerobic cultures 
on blood plates and glucose broth were made. Since anaerobic spore- 
bearing pathogens have been described in snake venom (Kellaway and 
Wilhams,^'’) each solution of venom was cultured anaerobically and also 
was injected in sublethal dosage (0.1 cc. of 1/5000 solution) into the ham- 
string muscles of a guinea pig. No contaminant was found after the routine 
treatment ■with merthiolate. Since sterilization by ultrafiltration or heat 
seriously impaired the clotting power of the venom, thej’^ were not employed. 

The Clinical Use of Tiger-snake Venom in Hemorrhagic Diseases. 
The true evaluation of a hemostatic agent is hazardous. The study 
of a few carefully controlled cases is more valuable than ^ny attempt 
to draw a mathematical deduction from numerous poorly controlled 
cases. The danger that spontaneous cessation of hemorrhage may 
be attributed to the therapeutic agent, or that the venom packing 
receive credit for hemostasis which plain packing alone could achieve, 
is especially to be controlled and avoided. Our conclusions will 
therefore be valued in direct relation to: 1, The length of time that 
hemorrhage had persisted unabated before venom is used; 2, the 
failure of simple packing to produce hemostasis; 3, the promptness of 
the response to venom. 

Since normal patien^ts did not bleed obstinately enough to satisfy 
the first tvm requirements, the investigations were hmited to cases 
of severe hemorrhagic disease. Even these might have given specious 
results if the strict controls employed had not been diligently 
checked. Several patients with hemorrhagic diseases, not included 
in the appended reports, one a true hemophiliac mth a coagidation 
time beyond 1 hour, stopped bleeding while the control treatments 
were being applied, before venom was used. As a general rule, 
venom was not used unless no diminution of the hemorrhage had 
been obser\"ed after sufficient trial of other common hemostatic 
agen^ts. 

Case Reports. Case 1. — Throinboq/lopenic Purpura Secondary to Arsenic 
Poisoning. S. G. (Hosp. No. 154505), male, aged' 51, a furrier, ■with occu- 
pational exposure to arsenic dyes, was first admitted 3 years pre^sdously for 
pallor,^tarr 3 ' stools, and purpura of the skin. Anemia, thrombocytopenia, 
increased bleeding time, delaj’^ed clot retraction, and discovery of arsenic 
in the urine confirmed the diagnosis. During the following 6 months two 
episodes of severe hemorrhage after dental extraction occurred. During 
the past 2 years he has had sporadic hemorrhagic exacerbations, the gums 
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often bleeding for several days continuously. Pressure •with plain gauze 
and with thromboplastin packings did not control the hemorrhage, blood 
oozmg through the gauze for hours and even da 3 's until cessation occurred 
spontaneously or after transfusion. During an exceptionally severe exacer- 
bation when the patient had bled continuous^ for 3 days from the gunas vdth 
no decrease in the flow, tiger-snake venom was used. The blood &dings at 
the time were similar to those described above. Systemic application of 
plain absorbent cotton and gauze packings, each held for at least 5 minutes 
against the bleeding area in the left lower gum, failed to check the flow. 
Systematic application of tluomboplastin Lessings were also futile, the 
blood oozing through the dressings. Finally after 1 hour of these control 
experiments, absorbent cotton -wrung out in 1/5000 tiger-snake venom was 
pressed against the bleeding area. In 2 minutes bleeding had ceased. 
After an hour the venom pledget was removed, and copious bleeding re- 
cmred. Again thromboplastin and gauze packings failed to stop the flow 
and once more a venom pledget produced hemostasis within 2 minutes, 
the procedure being repeated several times. Undisturbed the venom pledget 
preserved hemostasis for several hours. When it was dislodged during 
mastication a fresh venom pledget immediately controlled the ensuing 
hemorrhage. The patient’s disease, however, continued unabated, although 
the external hemorrhage was controlled, and he died suddenly 2 months 
later, of a cerebral hemorrhage. 

Case 2. •^Hemophilia. H. G. (Hosp. No. 178039), male, aged 28, first ad- 
mitted in February, 1935, gave a history of hemophilia, t 3 T)ical but for 
normal coagulation time. His maternal grandfather was a bleeder, and 
the patient was told that the “bleeding disease” was rampant in this 
grandfather’s family. The patient has 2 brothers, 1 of whom is a bleeder. 
At circumcision, at tonsillectomy, and at tooth extractions, dangerous 
hemorrhage occurred, each one lasting for weeks. Three years ago he bled 
for 16 days after a slight laceration of his gum, requiring a transfusion. 
On admission blood examination showed a normal coagulation time (5 
minutes by the Lee and Wlnte method), and the patient stated that the 
coagulation time had always been normal despite his bleeding episodes. 
The Howell prothrombin-time was 40 minutes, as compared to a normal 
control of 22 minutes. Ail the other hematologic tests were normal. 

The upper left third molar was removed with novocain and adrenalin 
anesthesia, and .the area curetted. The first bleeding occurred 8 hours 
later. An interdental gauze packing failed to stop the bleeding. Then 
tiger-snake venom -n^as applied on cotton without pressure for 10 minutes. 
A clot formed quickly, but was dislodged by the pressure of the escaping 
blood. This procedure was repeated 3 times without success. Then a 
venom pledget was applied, and pressure was maintained for 10 minutes 
with a gauze packing between the locked jaw's. Bleeding ceased within the 
10 minutes. Patient was awakened 4 hours later by recurrent bleeding. 
Again venom with pressure stopped the flow mthin 10 minutes. Four 
hours later hemorrhage again recurred, being controlled within 5 minutes 
by a venom pledget covered by an interdental gauze pack. This time the 
jaws W'ere prevented from separating during sleep by a firm Barton bandage. 
There was no further bleeding until 7 hours later when the packing, venom- 
pledget, and clot were deliberately removed. Bleeding then recurred and 
was immediately stopped with a venom pledget covered b^’' an interdental 
pack. No further bleeding occurred for 36 hours, when a slow ooze started, 
controlled intermittently by plain gauze packing -without venom. This 
was followed by a larger flow which did not yield to plain gauze packing, 
but was stopped by the use of venom in 3 minutes. On each of the next 
2 days, one packing with venom w'as sufficient to control the ooze. Patient 
was discharged 9 days after extraction, wnth the w'oimd healing ver 3 ' well. 
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Nine days after his discharge, the patient, quite enthusiastic about tiger- 
snake venom therapy, asked to be readmitted for the extraction of two 
other diseased teeth. With liis permission elaborate controls of other hemo- 
static devices were planned before venom should be employed. The patient 
was unusuall}’- cooperative, and even in the face of copious hemorrhage and 
wliile his hemoglobin was dropping rapidly, he insisted that we methodic- 
ally exhaust our control methods before resorting to venom therapy. 

On March 18, 1935, under novocain and adrenalin infiltration anesthesia, 
the lower left first molar and the upper right lateral incisor were evulsed. 
In addition, an alveolar flap was made at the base of the incisor for removal 
of a cyst. Tlrree hours after the operation a shght ooze began, lasted 12 
hours, barely tinting the saliva, and subsided vithout treatment. No 
bleeding occurred on the second’ and third days. On the fourth day oozing 
recurred and increased for 9 hours. A series of plain gauze packings failed 
to control the flow, so a packing steeped in a supersaturated tannic acid 
solution in 95% alcohol was applied. The hemorrhage soon diminished, 
and within 30 minutes had ceased. 

On the fifth day, after 9 hours of intermittent bleeding, increasing in 
spite of plain gauze compresses, tannic acid gauze with interdental pacldng 
and a Barton bandage again produced hemostasis vfithin 30 minutes. Two 
hours later hemorrhage recurred, but after 3 hours of futile gauze packings 
similarly responded to the tannic acid apphcation with pressure. 

On the sixth da5’’, after an hour of bleeding, an adrenalin sponge dimin- 
ished the flow temporarily, but 1 hour later profuse hemorrhage began from 
the three operative sites. Each of these received packs medicated at differ- 
ent times with tannic acid, gaUic acid, ferric chlorid, and adrenalin. The 
bleeding became serious in spite of these measures. Finally venom was 
applied with pressure to the lower molar socket, which was bleeding dan- 
gerously. Within 3 minutes the flow from this site had stopped.' The other 
two bleeding areas continued to flow unabated in spite of the other expedi- 
ents. One hour later venom compresses stopped these two hemorrhages 
within 3 minutes. The two tooth sockets did not bleed thereafter. 

It was noted at this time that a precipitated black incrustation of tannic 
acid and ferric chlorid had formed oVer the incision in the gum. On the 
7th and 8th days bleeding occurred from the incision sporadically. On 2 
occasions it did not respond to venom therapy promptly, subsiding only 
after 30 or 40 minutes. On the ninth day venom stopped the bleeding from 
the incision promptly after other methods failed. 

On the tenth day bleeding from incision became serious again. It pro- 
ceeded for 10 hours in spite of venom and other drugs. Finally’-, the entire 
bleeding area at the site of the incision was carefully denuded of the leathery 
black incrustation which formed a coating over it. A venom packing was 
applied to the raw and ^’igorously’■ bleeding surface, and the , hemorrhage 
ceased -within 3 minutes. No further bleeding took place from the incision 
until the 14th day when profuse hemorrhage recurred. Because of the 
patient’s anemia no preliminary controls -were employed at this time. 
Bleeding ceased -within 2 minutes after the apphcation of venom (after 2 
hours of hemorrhage). On the 15th day an ooze stopped spontaneously in 
10 minutes. On the 16th day^ after 30 minutes of profuse flow venom therapy 
was fohowed -vitliin 2 minutes by^ hemostasis. Except for a slight ooze on 
the 17th day- which stopped spontaneously in a few minutes, no further 
bleediug had occurred when the patient was discharged on the 24th day 
after operation. All the operative sites seemed well healed. 

Case 3 . — Multiple Hereditary Telangiectases. B. D., male, aged 55, realtor 
(treated by Dr. B. Sehgman), gave the follo-ndng family^ history’^: His 
mother, 2 sons, 1 daughter, and 20 nephews and nieces had had repeated, 
profuse hemorrhages, chiefly^ from the nose, in some cases from the tongue, 
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never from wounds of the skin. A brother had died of severe epistaxis. 
Almost all of them had had the onset of bleeding in adult life; 1 began to 
bleed in cliildhood. 

For the past 20 years the patient had suffered from nasal hemorrhages, 
occurring about 4 times a week, usually lasting 5 pr _6 hours._ Examination 
showed multiple, generalized telangiectases, anemia, positive tourniquet 
test, no purpura, normal bleeding and clotting times, normal clot retraction, 
normal platelet dount, and no abnormal blood cells. 

The nasal hemorrhages rarely had yielded rapidly to pressure alone. The 
repeated use of adrenalin and especially of thromboplastin packings had 
produced hemostasis scarcely more promptly than had simple^ pressure, 
cessation occurring in about ^ to 1 hour. Treatment of bleeding points 
with clnomic acid had produced an increase in the frequency and severity 
of the epistaxis. 

This patient, a relative of Dr. Seh'gman, has been using tiger-snake venom 
for 3| months, without medical supervision, being in Florida during this 
period. Epistaris has occurred with equal frequency since tiger-snake 
venom therapy was initiated. The patient reports, however, that the hemor- 
rhages have invariably yielded within 3 minutes after applying the venom. 
The loss of blood has been minimal. His weight, pallor, and general physical 
condition have greatly improved. 

Case 4 . — Essential Thrombocytopenic Purpura. 0. S., (Hosp. No. 169638) 
female, aged 14, has suffered from epistaxis for 9 years, and for the past 5 
years purpura of the skin has occurred intermittently. Hematologic 
studies of the past 4 years during the periods of exacerbation of her disease 
have revealed secondary anemia, thrombocytopenia, prolonged bleeding 
time, delayed clot retraction, and positive tourniquet test. 

On March 18, 1935, the lower right first molar was evulsed under nitrous 
oxid anesthesia. The postoperative bleeding was easily controlled by 
simple gauze packing. Fifteen hours later profuse hemorrhage set in and 
penetrated the packmgs. Packings of supersaturated tannic acid in 95% 
alcohol failed to influence the flow. After 2 hours of bleeding, unchecked 
by pressure of plain or of tannic acid packings, a tiger-snake venom compress 
was employed, and the bleeding ceased within 10 minutes. 

On the second day a less severe hemorrhage was controlled by a tannic 
add compress in 1 hour. On the fifth day a slight ooze occurred but sub- 
sided spontaneously. No further bleeding appeared. 

On April 22, 1935, this patient returned to have the first and second upper 
left molar teeth extracted under nitrous oxid anesthesia. With one of the 
teeth adherent granulomatous tissue was evulsed. There were also multiple 
lacerations of the surrounding gum. A slight ooze occurred after the opera- 
tion, and steadily increased during the succeeding 4 hours in spite of packings 
of cotton and plain gauze. A venom packing greatly diminished the flow, 
but did not stop it entirely. When the pac&ng was removed 20 minutes 
later a solitary bleeding point was noted from beneath an everted lacerated 
fragment of the lateral alveolar margin. The interdental packing that had 
been used_ served only to lacerate tins fragment further and to prevent its 
contact with the venom pledget. Another attempt to place venom in con- 
tact with this bleeding point was successful, digital pressure being employed 
on the venom pledget at this point for 5 minutes. Seven hours later severe 
hemorrhage recurred, again from the protruding fragment on the alveolar 
margin. Another venom pledget was carefully applied against the replaced 
alveolar firagment, and digital pressure maintained for 5 minutes. At the 
end of this time the residtant clot had firmly fixed the venom pledget to 
the wound, so that digital pressure could be released. The pledget was 
men held in place vdth gauze packing and a Barton bandage was applied. 
There was no further bleeding. 

VOL. 190, NO. 6. — DECEMBEK, 1935 28 
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Case 5. — Essential Thrombocytopenic Purpura. R. S. (Hosp. No. 178702), 
female, aged 23, gave a history of purpura of the skin, epistaxis, and bleeding 
gums for the past 8 months. Almost continuous epistaxis had been present 
for 3_-weel« on admission. Hemoglobin was 26% (Dare), platelets 2000, 
bleeding time more than 30 minutes, clot retraction absent, tourniquet 
test strongly positive, leukocyte count normal. A ttansfusion was given 
after admission to the hospital on March 19, 1935. For 2 days after admis- 
sion epistaxis continued from both sides of the nasal septum anteriorly. A 
rhinologist called in consultation was unable to diminish the flow of iDlood 
with plain packing, tannic acid packing, or adrenalin compresses. Finally, 
tiger-snake venom was used in packing the nose, and the flow stopped within 
3 minutes. No nasal bleeding occurred for 36 hours thereafter. Then the 
nasal bleeding resumed. The entire left side of the septum appeared to be 
bleeding. Packing of the anterior nares with venom compresses failed to 
control slight bleeding posteriorly, and blood continued to ooze into the 
nasopharjmx. No postnasal packing was performed. On the right side 
of the nose marked bleeding from Kiesselbach’s triangle was stopped 2 
minutes after the application of venom. On the same daj'’ a hemorrhage 
occurred from an abrasion in the external auditory canal of the right ear, 
and could not be stopped with plain packing or with tannic acid pacldng. 
Application of a venom compress stopped this source of bleeding within 3 
minutes. 

On the fofloving day sUght postnasal oozing persisted on the left side. 
On the sixth day splenectomy was performed under ether anesthesia. 
Later, slight nasal hemorrhage recurred but was controlled with plain 
gauze packing. A slight ooze from the abdominal wound was also noted, 
but controlled by plain gauze pressure. The patient developed a post- 
operative pneumonia, multiple lung abscesses, empyema, and died 16 days 
after admission to the hospital. 

Case G.— Hemophilia. D. T. (Long Island Coll. Hosp. No. 1722, avail- 
able through the courtesy of Dr. Tasker Howard), male, aged 25. Two 
maternal uncles of this patient had died in childhood of hemorrhage resulting 
from trivial external injmy. The patient’s bleeding tendency began soon 
after birth at circumcision. Recurrent hemartlmoses, hematuria, hema- 
tomata, and prolonged hemorrhages from slight lacerations have occurred 
since infancy. Coa^ation time of the blood in the past had varied between 
80 and 50 minutes, but on present admission it has been between 8 and 17 
minutes. No other hematologic abnormalities have been noted. 

On March 22, 1935_, the lower right second molar tooth was extracted. 
One hour later an oozing began which persisted intermittently for 12 days 
in spite of thromboplastin packings (renewed every 3 hours), adrenalin 
compresses, tannic acid dressings, and even electrocautery of the socket. 
After 12 day'^s tiger-snake venom was applied to the socket, which had been 
bleeding through thromboplastin packings steadily for the previous 5 
hours without signs of abatement. The bleeding stopped within 2 minutes. 
Seven day'^s later a moderate oozing from the socket was again stopped within 
2 minutes by venom. On the next day an ooze responded to venom with 
equal facility\ No further bleeding occurred. The wound healed well. 

Case 7. — Carcinoma of Head of Pancreas With Profound Jaundice. B. L. 
(Hosp. No. 178852), male, aged 42, had an external biliary fistula created 
by cholecystostomy 6 months previously for obstructive jaundice due to 
carcinoma of the head of the pancreas. Intermittent jaundice had recurred 
since the operation because of blocking of the biliary fistula. _ 

On the day before admission on March 25, 1935, severe epistaxis began, 
from both nostrils. Inability to control the hemorrhage led to his admission 
to the hospital. After futile attempts to control the hemorrhage with 
tannic acid and adrenalin packings, venom packings were employed. The 
bleeding ceased vdthin 2 minutes. 
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Case 8. — Angioasthenia, with leech-bite hemorrhage. M. B, (Hosp. No. 
177514), female, aged 34, gives a history of previous prolonged postoperative 
hemorrhages (after surgical corrections of poliomyelitis deformities), a pro- 
nounced tendency to bruise easily, and occasional epistaxis (the last one 
lasting for 1 hour 2 days ago). She shows a pituitary type of obesity, pur- 
puric spots in the skin, a marked^ positive tourniquet test, normal bleeding 
and clotting times, no thrombocytopenia, and no abnormal blood cells. 

After an operation on the right knee for suppurative arthritis she devel- 
oped a thrombophlebitis of the right femoral vein. To the swollen and 
painful right thigh 5 leeches were applied on April 9, 1935. "^Vlien the 
leeches had dropped off 1^ hours later a contmuous and increasing ooze 
appeared at the 5-leech marks. The blood from the leech wounds showed no 
tendency to clot, although blood dravm from the median basilic A^ein clotted 
normally. In spite of prolonged pressure with plain gauze dressings held 
in place with bandages and sand Isags, the profuse flow persisted for 5 hours 
before local venom therapy was instituted. Venom compresses were 
employed on all 5 bleeding points. Complete cessation of hemorrhage 
occurred within 2 minutes. An hour later manipulation by the patient 
of the bandages dislodged one of the compresses, causing a recurrence of the 
floAV. The blood which inundated the bandages and the bed now contained 
large firm clots. Reapplication of a venom compress again stopped the 
flow Avithin 2 minutes. An hour later further manipulation of the bandages 
because of marked femoral pain aggravated by the pressure, stirred up a 
slight ooze of thick clotting blood, Avhich subsided permanently Avith no 
treatment other than the application of moderate pressure. 

Comment. Tiger-snake venom lias been successfully euiployed 
to eheck uncontrollable local bleeding in 8 patients suffering from 
hemorrhagic tendencies, of which 3 cases were thrombocytopenia, 
2 hemophilia, 1 of each multiple hereditary telangieetases, prolonged 
jaundice and angioasthenia with bleeding due to local action of 
hirudin from leech bites. 

During the clinical experiments there were only 2 occasions when 
doubt arose as to the efficacy of the venom. On 1 occasion (Case 2) 
the failure seems to have been due to a thick coating of precipitated 
ferric chlorid and tannic acid, Avliich interfered with the action of the 
venom. When this incrustation was removed and venom was 
applied to the raAV bleeding surface, hemorrhage ceased within 3 
minutes. On another occasion (Case 4) after the application of 
venom, a lacerated fragment of gum continued to bleed when the 
rest of the Avound was dry. The ordinary interdental packing AA'as 
serAi'ing only further to lacerate this fragment and to increase the 
hemorrhage from the site. The application of a Amnom pledget by 
digital tamponade to the exact point of bleeding promptly stopped 
the floAv. 

It has been interesting to obserAm a sort of rhythmic recurrence 
of the bleeding tendency in the hemophiliacs. After tooth extrac- 
tion the socket is usually quite dry for 8 to 12 hours (the more so, of 
course, if adrenalin Avas mixed with the local anesthetic). Then 
after serious bleeding occurs and is checked by A’-enom, it may recur 
about 24 hours later. In Case 2 bleeding recurred at almut the same 
time in the afternoon for a number of days. Venom does not seem 
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to prevent recurrences of bleeding from the treated area after an 
interval of hours or days. Perhaps the renewed flow is due to actual 
trauma, such as chewing, or to the cryptic factors which influence 
the hemorrhage in a hemophiliac, or to the washing away or destruc- 
tion of venom. To minimize the possibility of recurrent hemorrhage, 
pressure should be maintained over the site of bleeding for several 
hours after hemostasis has been attained. For dental hemorrhage 
a Barton bandage has been usually applied overnight. 

Neurologic examination of these patients disclosed no evidence 
that the neurotoxin of the venom was doing any damage. Even in 
patients who received large amounts (15 to 30 cc. of 1/5000 solution) 
orally or intranasally, no impairment of the cranial nerves and no 
muscular weakness were noted. 

Locally no swelling, ulceration, necrosis or infection was observed. 
The wounds healed normally. 

Some confusion may arise between tiger-snake venom and the 
venom of the water-moccasin which has been used recently to 
prevent hemorrhage.^^ Moccasin venom is given intradermally or 
subcutaneously. Tiger-snake venom is to be employed only by 
topical application and is not to be injected. 

Summaty. 1. Tiger-snake venom in high dilution readily clots 
both normal and pathologic blood in vitro. 

2. A simple arbitrary clotting unit is described in an effort to 
standardize various batches of venom and to detect deterioration in 
aging solutions. 

3. In cases of active hemorrhagic disease, tiger-snake venom has 
produced prompt local hemostasis when common expedients (pres- 
sure, thromboplastin, tannic acid, adrenalin, ferric chlorid) have 
failed. 

4. The minimal amounts of venom employed and its action in 
closing the channels of absorption by local thrombosis provide for 
it a therapeutic index within limits of safety. 

5. It has not prevented recurrence of hemorrhage or otherwise 
affected the course of the hemorrhagic disease. 

6. Its application is limited to accessible bleeding lesions, where 
it may be applied topically with pressure. 

Conclusion. The venom of the Australian tiger-snake (Notechis 
scutatus) has been successfully employed by topical application to 
arrest severe hemorrhage from accessible lesions in 8 cases of blood 
dyscrasia. 
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Tight (t. e., non-regurgitant) mitral stenosis as a clinical condi- 
tion lias received little attention in the most modern and complete 
textbooks of cardiology, such as ^^Tlite's,l MacKenzie's-, Vaquez’s,^ 
Eden’s,^ Romberg’s,® and others being mentioned in most cases 
merely as a pathologic curiosity. The scanty clinical description 
of this entity may explain why these cases come so often unrecog- 
nized to the autopsy table, surprising the pathologist with the 
unexpected extremely narrow mitral ostium. In most instances 
the condition clinically is believed to be a severe pulmonary infec- 
tion or even a pulmonary neoplasm. Our interest was primarily 
aroused by a case of tight mitral stenosis (reported by us several 
years ago®) where the pulmonary signs were prominent and the 
rheumatic nature of the disease hidden, for the auscultatory findings 
oyer the mitral valve were entirely negative. Only the electrocar- 
diogram was of some help, showing a high bifid P wave which made 
pr. H. Vesell suspect the possibility of mitral stenosis. In the past 
0 years, in which we have paid especial attention to this clinical 
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picture, we have had 13 such cases coming to autopsy at this hos- 
pital, the first 9 of which we have analyzed for this study. Of these 
9, 5 were correctly diagnosed antemortem. 

A careful study of these 9 cases convinces us that the condition 
is encountered frequently and clearly enough, espeeially in-hospital 
practice, to deserve an autonomous status. The pathologic findings 
are distinct and uniform, indicating that a common clinical picture 
is associated with the entity. A description of the clinical course 
of the disease and the criteria by Avhich this tjTpe of mitral stenosis 
can be diagnosed antemortem is the subject of this paper. 

Beginning AAUth the final picture, as it were, we find at autopsy 
as the key characteristic of the condition a slitlike, fibrosed and 
calcified mitral valve, so stenosed that a thin probe passes through 
it Avith difficulty, and so hard that it rings at the touch of the knife. 
The shape of the mitral opening A'^aries— often it is “buttonhole,” 
sometimes funnel shaped, sometimes stellate— but in all cases it is 
extremely narroAV. The term tight mitral stenosis is then a much 
more fitting one than the more limiting term, huttmhole. 

The rest of the changes are all secondary to the marked stenosis 
of the mitral ostium. Because insufficient blood reaches the left 
ventricle through the narroAA^ed A^alve to furnish normal amount 
of AA'ork, this chamber atrophies. In contrast the left auricle is very 
large, usually extends beyond the right border of the heart, and is 
often filled Avith thrombi. The right side of the heart, too, suffers 
from the extreme obstruction to the blood flow at the mitral A’^alves 
and both the right A'^entricle and auricle are slightly hjqjertrophied 
and dilated. Quite distinctiAm of the condition is the fact that the 
cardiac lesions are almost uniformly accompanied by extensive pul- 
monary changes— pulmonary embolization, pulmonary infarction, 
pulmonary fibrosis, and sclerosis of the pulmonary artery (including 
at times the smaller pulmonary vessels). 

The stenosis of the mitral A'^alve is so marked at autopsy that it is 
immediately recognized as the cause of death, since the circulation 
cannot be maintained for any length of time through such an ob- 
struction. This also means that a lesser degree of stenosis must have 
preceded the terminally scA'^ere narroAA'ing. The exact pathologic 
state before the marked stenosis has occurred cannot be evaluated 
with certainty in our present state of antemortem examinations. 
The presence of a small, atrophic left ventricle would indicate, 
hoAA^eA'-er, that the auricle at no time receiA'-ed a reflux of blood, i. e., 
that functionally at least the mitral A>’alA'^e was stenotic and not 
insufficient. Clinically, too, the patient shows the persistent sjonp- 
toms, the failure at compensation and the poor reaction to treatment 
AA'hich distinguishes the case of pure mitral stenosis from the milder 
one of double mitral disease (stenosis and insufficiency). These 
pathologic and clinical considerations allow us to assume with some 
reason that the lesion began as a pure mitral stenosis without 
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accompanying insufficiency, or at least with the stenosis predomi- 
nating over the insufficiency and that recurrent inflammatory 
changes took place in the valve to bring about a greater narrowing 
of the ostium. Of course, the possiffility cannot be absolutely 
excluded that in the milder degree of stenosis there was a temporary 
insufficiency. In the younger individual the change is probably 
inflammatory and is connected with recurrences of the rheumatic 
infection. In the middle-aged period and later in life the fibrosis 
and deposition of lime in the mitral valve forms part of the general 
sclerotic process, but careful pathologic examination always shows 
that these mitral valves have been previously affected by the rheu- 
matic virus. The arteriosclerotic process then is superimposed 
on the rheumatic in older indmduals. In any case once the fibrosis 
and calcification has narrowed the mitral valve sufficiently, irre- 
versible decompensation sets in, treatment is of no avail, and the 
patient falls a victim to the mechanical block in the circulation. 

A summary of the 9 cases upon which this concept of the disease is 
based follows. 

Case Reports. Case 1. — Miss I. M. (No. 47054), aged 21, admitted 
to the service of Dr. A. A. Epstein, March 15, 1932, died March 17, 1932. 

History. The patient gave no history of rheumatic fever or other rheu- 
matic manifestations. On routine school examination in September, 1928, 
she was told she had a heart murmur. Soon after this she suffered from 
exertional dyspnea, cough and blood-streaked expectoration for a period 
of 3 months. She was feeling fairly well after that until December, 1929, 
when she complained of chiffiness, palpitation, and recurrent attacks of 
precordial pain, unrelated to exertion, radiating to the left shoulder, and 
lasting about 10 minutes. Pallor and weakness increased for several months, 
so that on first admission to tins hospital in May, 1930, she W'as suspected of 
hawng subacute bacterial endocarditis. No definite evidence for this could 
be obtained however. She showed at this time (May, 1930) a mitral lesion 
and pulmonary congestion, and was discharged improved but not fully 
compensated. She failed to regain complete compensation in the 2 jmars 
that followed. Five days before the present admission she began to com- 
plain of cough, sharp pains in the lower chest and bloodj'’ expectoration, 
and had a shaking chill 3 days later. 

Physical Examination. Temperature, 104°; pulse, 124, thin; Respiratory, 
32; blood pressure, 85/50. The patient looked acutety ill, markedlj’- dys- 
pneic and cyanotic. There w'as dullness, diminished breath sounds and 
numerous moist rMes at the right base. The heart w'^as enlarged, the first 
heart sound short and snappy. A double mitral murmur and thrill w^ere 
present at the apex. P2 was markedly accentuated. The liver "was felt 
2 fingers below the costal margin; the spleen barely palpable. 

Laboratory Findings. Urine negative. White blood cells, 23,200; 91% 
polys. Electrocardiogram. Right axis delation. Large, slurred P waves 
in Lead II. 

Course. The temperature rose the followung day to 100.4°. In spite of 
oxygen and supportive treatment, the patient developed pulmonarj^ edema 
and died. 

Clinical Diagnosis. Decompensated mitral vahnilar disease. Broncho- 
pneumonia. Pulmonary edema. 

Anatomic Diagnosis, Condensed (By Dr. A. Plant). “Buttonliole’' 
mitral stenosis. Marked dilatation of left auricle. Small left ventricle. 
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Hypertrophy and dilatation of right ventricle. Dilatation of right auricle. 
Terminal verrucous endocarditis of tricuspid valve. Atheromatosis of right 
coronary artery (shght) and of pulmonary arteries (moderate). No Aschoff 
bodies microscopically. Bronchopneumonia, right lung. Puhnonary edema. 

Comment. In this case, about 2 years before exitus, the patient 
developed dyspnea on slight exertion and pulmonary congestion, 
without any recurrent infection. At first treatment would influence 
her more or less favorably, but did not bring about actual return to 
compensation. The periods of relief would become less and less 
frequent, and the pulmonary congestion and stasis more and more 
marked until a terminal bronchopneumonia complicated the mitral 
valvular disease and brought about the fatal outcome. Periodically 
the patient had pains simulating angina pectoris, a condition not 
uncommon in many cases of mitral stenosis, particularly where the 
left auricle is extremely enlarged, as pointed out by Morawitz.^ 
This explains why the anginal syndrome is more often present in 
tight mitral stenosis, where the left auricle attains a marked degree 
of distention, than in other forms of mitral disease. It is reasonable 
to assume that the patient started with a pure mitral stenosis and 
progressed to an absolute stenosis, as e^ddenced by the small, 
ati'ophic left ventricle. The marked progressive narrowing caused 
damming back of the blood in the lesser circulation, and led to 
terminal bronchopneumonia and pulmonary edema. 

Case 2.— Mr. S. F. (No. 59465), aged 23, admitted to the service of Dr- 
I. AV. Held on November 24, 1933, died November 25, 1933. 

History. The patient had scarlet fever during early cliildhood, and 
rheumatic fever at 10 years. At this time he developed aortic stenosis and 
mitral stenosis. He recovered sufficiently to go through college and quahfy 
as a teacher. However, from the age of 11 until he took sick vnth terminal 
pneumonia, he complained of shortness of breath, frequent spasmodic cough 
and occasional expectoration of tenacious sputum. In addition to the val- 
vular disease, he had signs of bronchitis and emphj’^sema, but at no time 
any'^ evidence of decompensation. About 6 weeks before admission the 
patient was ill vith Tj'pe I lobar pneumonia. With the aid of serum, he 
recovered completely and was well enough to be permitted back to work 
by the fourteenth day. He continued well for about a month. The day 
before admission, however, he suddenly became very ill, developed fever, 
pain in the left chest aggravated by breathing, cough and expectoration 
of blood-streaked sputum. 

Physical Examination. Temperature, 103°; pulse 100, thin; respirations, 
32; blood pressure, 106/70. The patient appeared acutely ill, moderately 
cyanotic, somewhat drowsy. Breathing was rapid and difficult. Tracheal 
rales were heard coming from the throat. There were numerous moist 
rdles throughout both limgs. The heart was enlarged, especially to the left, 
the apical impulse abnormally forceful. There was a presystohc and a sys- 
tohc murmur at the apex, and a harsh systohc murmur in the aortic area, 
accompanied by a thrill. The second aortic sound was not heard, the liver 
and spleen not- palpable. There was no edema. • 

Laboratory Findings. Urine and blood, negative. 

Course. The patient’s condition was critical from the start. He was 
digitalized and put imder an oxygen tent; a phlebotomy of 500 cc. was per- 
formed— all to no avail. In 23 hours he died. 
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Clinical Diagnosis. Chronic cardiovalvular disease. Tight mitral steno- ■ 
sis. Aortic stenosis. Bilateral bronchopneumonia. Puhnonary edema. 

Anatomic Diagnosis, Condensed (Dr. A. Plant). “Buttonhole” mitral 
stenosis. Stenosis of aortic and tricuspid valves. Verrucous endocarditis 
of tricuspid valve (terminal). Hs^ertrophj'- of heart. Old and recent 
rheumatic carditis, as evidenced microscopically by large number of scars 
and Aschoff bodies. Multiple areas of bronchopneumonia. Obliterating 
bronchiolitis. . 

Comment. This case is included, although not showing the tj^pical 
clinical picture of the terminal decompensation of tight mitral 
stenosis, because we believe that of the 3 valvular lesions this patient 
had, it was the "buttonhole” mitral stenosis which influenced to a 
large extent the course of the disease (even when he was fully com- 
pensated) and eventually caused the fatal termination. It was 
responsible for the patient’s chronic recurrent pulmonary symptoms, 
such as frequent cough and dyspnea, and also the obliterating 
bronchiolitis. It is our impression furthermore that the broncho- 
pneumonia terminated vnth fatal pulmonary edema in so short a 
'time largely because of the “buttonhole” mitral stenosis, for there 
were no signs of toxicity or sepsis which would othervdse cause the 
fatal outcome. The recent Aschoff bodies might be interpreted 
as showing that a recurrent rheumatic carditis was likewise present. 

It is very likely however that if the tight mitral stenosis had not 
caused the bronchopneumonia to terminate fatally the patient 
would have developed acute rheumatic carditis, activated by the 
recent pulmonary infection, and would have given clinical signs 
of this later. 

Case 3. — Mr. I. G. (No. 58550), aged 29, admitted to the service of 
Dr. M. A. Rothschild, October 17, 1933, died October 19, 1933. . 

History. The patient had rheumatic fever with migratory joint pains 
13 years ago. Eight years later he was refused life insurance because.of 
rheumatic heart disease. He was nevertheless sjTnptom-free until 1-^- 
years ago when dyspnea and persistent cough set in, to be followed by 
edema of the legs 4 months later. These sjmaptoms increased steadily. 
The patient had been under careful medical superwsion and had received 
1| to 4| grains of digitalis daily for 6 weeks prior to admission. In spite of 
this he remained decompensated. He noticed jaundice a week before, and 
blood-streaked sputum a day before admission. 

Physical ExaminaUo7i. Temperature, 100.2°; pulse 98, fair; respiration, 
32; blood pressure, 132/96. The patient was acutely ill, pale, d}’'spneic, 
orthopneie. His lips, ears and extremities were cold and cyanotic. The 
lungs showed dullness at both bases posteriorly with moist rales and dimin- 
ished breath sounds. The cardiac apex was in the anterior axillary line 
in the 7th interspace. A loud systolic and rough diastolic apical murmur 
^yere heard; P2 was louder than A2; the rhythm distinctly coupled. The 
hyer was felt pulsating 5 fingers below the costal inargin. There was no 
ewdence of ascites, although the extremities and scrotum were edematous. 

Laboratory Findings. Urine. 3-{- albumin, v,ith occasional granular 
^sts. Blood and sedimentation rate normal. Circulation time 51 seconds. 
Electrocardiogram. High, vdde, notched P waves in Leads I and 11. Raised 
iiS~T segment in Lead I, Occasional ventricular premature contraction. 
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Course, Phlebotomy brought temporary relief; but the patient had a 
sudden attack of extreme restlessness and dyspnea on the second dajL He 
rapidly became pulseless, and within 3 hours died. 

Clinical Diagnosis. Chronic cardiovascular disease. “Buttonhole” 
mitral stenosis. Relative tricuspid insufficiency. 

Anatomic Diagnosis, Condensed {By Dr. A. Plant). "Buttonhole” 
mitral stenosis. Dilatation of right ventricle and left auricle. Verrucous 
endocarditis of aortic valve. Chronic endocarditis of tricuspid valve. 
Atheromatosis of pulmonary vessels. Fibrosis of lungs. ^ 

Comment. In summary this patient presented the picture of 
persistent pulmonary sjnnptoms and signs for almost IJ years, such 
as dyspnea, cough, bloodj’^ expectoration, and progressive decom- 
pensation with edema. Even though he showed clinical evidence 
of tricuspid insuflficiency (jaundice, large liver) the opening up of 
the tricuspid valve did not relieve his dyspnea because it was largely 
due to persistent, progressive pulmonary changes, such as pulmonary 
fibrosis. The decompensation in this case was prolonged, the 
symptoms persisting in spite of careful treatment (digitalis, etc.). 
Note that the electrocardiogram showed very high, wide and notched 
P waves, a finding which may be related to sclerosis of the pulmon- 
ary vessels and fibrosis of the lungs.® 

Case 4. — Miss A. S. (No. 43510), aged 34, admitted to the service of 
Dr. M. A. Rothschild, September 2, 1931, died September 4, 1931. 

History, The patient had rheumatic fever at 3, 10, 15, 22, and 26 years. 
She had no cardiac complaints until 5 months before admission, when she 
first experienced shortness of breath and palpitation on exertion. From 
that time she became more and more incapacitated. In the last month 
a cough productive of blood-streaked sputum appeared, and the feeling 
of tiredness became more prominent. 

Physical Examination. Temperature, 100°; pulse 100, Corrigan; respir- 
ation, 32; blood pressure, 150/34. The patient was very cyanotic and dys- 
pneic. Numerous moist crackling rales were heard throughout both lungs, 
The heart was markedly enlarged, especially to the left. A systolic and 
diastohc murmur were heard at the apex, and a soft diastolic murmur at 
the base. The liver was palpable and tender 5 fingers below the costal 
margin. Moderate pretibial edema and some clubbing of the fingers were 
present. 

Laboratory Findings. Urine and blood negative. 

Roentgen Ray. Markedly enlarged heart, with the contour of combined 
mitral and aortic lesions. 

Course. The patient failed to respond to digitalis therapy. She died in 
her sleep rather suddenly the second morning after admission. 

Clinical Diagnostic. Chronic cardio-vahmlar disease. Mitral stenosis 
and insufficiency . Aortic insufficiency. 

Anatomic Diagnosis, Condensed {By Dr. A. Plaid). "Buttonhole” 
mitral stenosis, shoving microscopically calcific deposits -within hyalinized 
fibrotic areas. Acute and chronic verrucous endocarditis of mitral an^ 
aortic valves. Concentric hypertrophy of all chambers of the, heart. 
Marked h 3 '’pertrophy vlth moderate dilatation of left ventricle. Aortic 
insufficiency. Acute verrucous endocarditis _ of left auricle. Pulmonarj^ 
arterj"^ sclerosis. Pulmonary fibrosis. Chronic passive congestion. Early 
.cardiac cirrhosis of liver. 
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Comment. In this case although there were multiple vahmlar 
lesions present and even e\ndence of acute changes in the valves 
and left auricle, one can state definitely that the aortic regurgitant 
lesion in itself was not responsible for the sudden decompensation, 
or the fatal outcome. In fact it was the very tight “buttonhole” 
mitral stenosis with marked pulmonary congestion, pulmonary 
fibrosis, and pulmonary artery changes in a relatively young person 
which caused the sudden terminal cardiac failure. This case exem- 
plifies the dictum that a double valvular lesion, once decompensated 
goes more readily to fatal termination than a single one, especially 
if one of the lesions is of the tight mitral stenosis type. 

Case 5. — Mrs. E,. D. (No. 51586), aged 35, admitted to the serwce of 
Dr. I. W. Held, October 23, 1932, died October 26, 1932. 

Histonj. The patient gave no history of rheumatic fever. She knew of 
her heart disease for 5 years before admission, during which time she suffered 
almost constant dyspnea and some orthopnea. She also had occasionally 
attacks of chest pain with substernal discomfort. On the day before admis- 
sion there was an acute onset of fever, chills, pain in.the left chest, cough 
and bloody expectoration. 

Physical Examination. Temperature, 101.6°; pulse 116, fair; respira- 
tion, 36; blood pressure, 108/60. The patient was markedly cyanotic. 
There were numerous rhonchi heard throughout the chest, with dullness 
and crepitant rdles at the left base. The heart was enlarged, the sounds 
weak and distant. A presystolic rumble was heard at the apex. P2 was 
markedly accentuated and reduplicated, suggesting gallop rhythm. The 
liver was palpable 3 fingers below the costal margin. There was no edema. 

Laboratory Findings. Urine 2-t- albumin, occasional granular cast. 
Red blood cells, 3,700,000; hemoglobin, 68%; white blood cells, 47,200; 
92% polys. Sedimentation rate 60 mm. % in 45 minutes. Sputum; Type 
rV of pneumococcus. 

_ Roentgen Ray. Consolidation of central portion of left lung and base of 
right lung. Mitral configuration with congestion of lungs due to decom- 
pensation. 

Electrocardiogram. Spht P waves in all leads. Diphasic and inverted 

Pz. 

Coxirse. The temperature rose steadily; the consolidation spread until 
it involved the entire left lung. Exitus occurred on the third day. 

Clinical Diagnosis. Cluonic cardiovalvular disease. Mitral stenosis. 
Lobar pneumonia, left lung. 

Anatomic Diagnosis, Condensed (By Dr. A. Plant). “Buttonhole” 
mitral stenosis. Retraction of aortic vaWes vith recent verrucous endo- 
carditis. Dilatation and hypertrophy of left auricle and ventricle. Moder- 
ate hypertrophy of right ventricle. Old and recent endocarditis of the 
^icuspid valve. Fatty changes in myocardium. Rusty color of right lung. 
Cheesy tuberculosis of hilar lymph nodes. Red hepatization of almost the 
whole left lung with diffuse fibrinous pleuritis. Stasis in spleen and liver. 

Comment. For about 5 years this patient suffered from dyspnea, 
orthopnea and occasional attacks of suffocation simulating asthma. 
These symptoms, uninfluenced by treatment, were due to tlie per- 
sistent pulmonary congestion, bronchitis and emphysema secondary 
to disturbance of the pulmonary circulation in tight mitral stenosis. 
When pneumonia set in toward the end, the unfavorable d;s’namics 
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of the heart due to the ‘'buttonhole” mitral stenosis led rapidly to 
eardiae failure and death. The slight verrucous deposits on the 
aortic and tricuspid valves are terminal and as such are found at 
autopsy in many cases of cachexia, severe infections, etc. In this 
case the persistent sjonptoms and physical signs pointing to pul- 
monary embarrassment (such as the marked accentuation and 
reduplication of the pulmonic second sound at the base simulating 
gallop rhythm) suggested the clinical diagnosis of “buttonhole” mitral 
stenosis. 

Case 6. — Mrs. S. B. (No. 61630), aged 37; admitted to the service of 
Dr. M. A. Eothschild, February 23, 1934, died February 25, 1934. 

History. The patient had an attack of rheumatic fever at 24. She had 
no symptoms until about 2 years ago when she noticed difficulty in catching 
her breath on exertion. There was an interval of relative weU-being until 
6 weeks before admission when the patient had pain in the left chest and 
an increase in her shortness of breath. One week before admission she 
noticed swelling of the legs, cough and bloody expectoration. 

Physical Examination. Temperature, 100°; pulse 100, small; respira- 
tion, 46; blood pressure, 110/50. The patient was exceedingly ill, dyspneic, 
cyanotic and orthopneic. There was a loud, harsh systohc murmur in the 
third left interspace accompanied by a systolic thrill. A distinct systohc 
murmur was heard at the apex transmitted to the axilla; but no definite 
diastoUc murmur. The first sound at the apex was short. Auricular fibrilla- 
tion was present with an apical rate of 150 and a pulse rate of 100. At the 
left base there was an area of bronchial breathing, duUness and coarse, 
moist rdles. The hver was palpable 4 fingers below the costal margin. 
There was pitting edema of both lower extremities and back. 

Laboratory Findings. Urine, sedimentation rate and circulation time 
normal. Venous pressure 22 cm. 

Electrocardiogram. Q-R-S complexes of low voltage in all leads. 

Roentgen Ray. Effusion in lower portion of left pleural cavity with 
some de^dation of the heart and mediastinum to the right. Heart shape 
that of double valvular disease vdth very marked left auricular enlargement. 

Course. In spite of rapid digitalization, the rate continued to be high. 
Phlebotomy of 350' cc. as well as thoracentesis of 1000 cc. of dark brown 
fluid from the left chest were of no avail. The patient became wildly 
irrational and died on the third day after admission. 

Clinical Diagnosis. Cluonic cardiovalvular disease. “Buttonhole” 
mitral stenosis. Aortic stenosis? Aortic insufficiency? Pulmonary 
infarction. 

Anatomic Diagnosis, Condensed {By Dr. A. Plant). Old and recent 
rheumatic mitral endocarditis with “buttonhole” stenosis. Thrombosis 
of left auricle and right auricular appendage. Old and recent aortic endo- 
carditis with insufficiencj’' and stenosis. HjTJertrophy of right ventricle. 
Distention of both auricles. Perivascular scars and occasional small 
Aschoff bodies in myocardium microscopically. Atheromatosis of pulmon- 
ary vessels. Emboh of lung vessels. Large infarct, left lung and lower lobe 
of right lung. Serofibrinous pleuritis. Infarcts of kidneys and spleen. 
Nutmeg liver. 

Comment. As in many of our cases of “buttonhole” mitral 
stenosis, this patient had an additional valvular lesion— the double 
aortic. Roentgen ray, autopsy and clinical evidence all indicated 
however that the cardiodynamics were determined almost exclu- 
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sively by the tight mitral stenosis. Roentgenologically, the con- 
figuration was mitral, not aortic. Anatomically, the left ventricle 
was not enlarged as in cases of aortic valvular disease. Instead, 
the right ventricle and auricles were hypertrophied and the pul- 
monary arteries sclerosed. Clinically, too, the picture was typically 
mitral. The first symptoms were those of stasis in the lungs due 
to interference with the pulmonary circulation. After a period of 
relative well-being, progressive decompensation with pulmonary 
infarcts and general anasarca developed. The heart could have 
gone on for a long time without decompensation were it not for the 
‘Tuttonhole” mitral stenosis. 

Case 7.— Mr. A. B. (No. 54102), aged 39, admitted to the service of 
Dr. I. W. Held March 9, 1933, died March 14, 1933. 

History. The patient had chorea at 3 years. For the past 17 years he 
has had dyspnea on exertion and more recently orthopnea. He was able 
to continue work as an artist until 2 years ago when ankle edema developed. 
At this first admission to this hospital, the condition was diagnosed as 
mitral stenosis and insufficiency, auricular fibrillation, moderate decom- 
pensation. With rest and digitalis he improved considerably; the edema 
disappeared. At home, despite employment of sal3Tgan and digitalis, 
edema of the lower extremities would make its appearance from time to . 
time. He tired easily, and was practically an invalid the last few months. 
The weakness and edema increased a few weeks before admission. 

Physical Examination. Temperature, 99.6°; pulse 100, fair; respiration, 
26; blood pressure, 120/70. The patient was a slightly orthopneic, dyspneic 
man, not appearing severely ill. The lungs were clear. A long systolic, 
and a short diastolic murmur with a snappy first sound were heard at the 
apex. P2 was accentuated and reduplicated. Auricular fibrillation was 
present with an apical rate of 120 and a pulse rate of 108. The liver was 
felt 4 fingers below the costal margin, tender and pulsating. There was 
moderate ankle and pretibial edema. 

Laboratory Findings. Urine 3-1- albumin, frequent hyalin casts. Blood 
and sedimentation rate normal. Venous pressure 14 cm. Circulation time 
40 seconds. 

Course. The patient appeared to be fairly comfortable. His edema failed 
to react however to intensive digitalization. On the fifth day he took a 
sudden turn for the worse, and complained of overpowering weakness and 
shortness of breath. He showed signs of rapidly increasing decompensation. 
Numerous rales were heard throughout the lungs, evidencing the onset of 
puhnonary edema, and 15 hours later he died. 

Clinical Diagnosis. Chronic cardiovalvular disease. Tight mitral 
stenosis. Ball-valve thrombus of left auricle? 

Anatomic Diagnosis, Condensed {By Dr, A. Plant). “Buttonliole” 
mitral stenosis. Distention of auricles. Large thrombus in left auricle. 
Dilatation and hypertrophy of right ventricle. Atrophic left ventricle. 
Severe atherosclerosis of pulmonary arteries with sclerosis to lesser degree 
of smaller puhnonary vessels. Edema of lungs. Stasis in spleen, kidnej's 
and liver. 

Comment. Although on previous admission, due to the systolic 
murmur, this patient was believed to have both mitral stenosis and 
insufficiency, the entire clinical picture speaks for the predominance 
of the stenotic over any possible insufficiency lesion. The atrophic 
left ventricle indicates that the mitral stenosis must have been 
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“tight” from the start, and explains why the patient was never 
perfectly comfortable and had dyspnea on exertion for fully 17 
years. When the stenosis became more advanced in the last 2 years 
of the patient’s life, the edema became more prominent and did 
not respond to treatment. Auricular fibrillation finally led to a 
sudden termination as the result of aurieular thrombosis. 

Case 8. — Mrs. A. Z. (No. 55771), aged 42, admitted to the service of 
Dr. M. A. Rothschild, May 29, 1933, died June 15, 1933. 

History. In 1923, at 32 years, the patient had polyarthritis. She was 
not aware of any cardiac involvement until 4 years ago, when she had 
polyarthritis, fever and marked dyspnea. Since then she was never fuUy 
compensated, her legs being alwa 3 fs edematous to a greater or lesser extent. 
She w'as able to do her household tasks with difficultj’- until 8 months before 
-admission, when she developed dyspnea, orthopnea, weakness, and occa- 
sional attacks of severe precordial pain. These symptoms continued until 
admission. 

Physical Examination. Temperature, 100°; pulse SO, poor; respiration, 
30; blood pressure, 100/60. The patient was acutelj'^ ill, markedly cyanotic, 
dyspneic and orthopneic. The heart was enlarged to the left, and had a 
loud presystolic and sj’'stolic murmur at the apex, with markedly accentu- 
ated P2. The liver reached 8 fingers below the costal margin, was tender 
•and pulsating. There was pitting edema of the lower extremities. 

Laboratory Findings. Urine, blood and sedimentation rate normal. 
Venous pressure 20 cm. Circulation time 28 seconds. 

Electrocardiogram. Sinus arrh 5 ’-thmia. Inverted T^. Another electro- 
cardiogram shortly before exitus showed a wandering pacemaker. 

Course. The patient received large doses of digitalis and salyrgan; 
phlebotomy was performed several times— all to no avail. The patient 
died in about 2 weeks. 

Clinical Diagnosis. Chronic cardiovalvular disease. Tight mitral stenosis. 

Anatomic Diagnosis, Condensed {By Dr. A. Plaid). “Buttonhole” mitral 
stenosis. Hypertrophj'' and dilatation of right ventricle and left auricle. 
Small left ventricle. 

Comment. It is known from the history that for fullj'' 6 years 
after the first attack of rheumatic fever the patient was not aware 
of any cardiac symptoms. It is not possible to state whether the 
first rheumatic attack left the valves perfectly’' intact or, what w'e 
think more likely, that they Avere injured so mildly as not to have 
interfered with the cardiodjmamics. The second rheumatic attack 
however probabty caused marked narroAving of the mitral ostium. 
Because of this the patient AA^as neA^er comfortable for the 4 j^ears 
to follow, and progressed uninterniptedly, uninfluenced by treat- 
ment, to a fatal decompensation. 

Case 9. — Mr. D. 0. (No. 38482), aged 47, admitted to the serAUce of Dr. 
A. A. Epstein, December 10, 1930, died January 8, 1931. 

History. The patient had rheumatic feA'^er at 27 and again at 41. One 
year after the second attack (5 years ago), he began to have occasional 
shortness of breath and anlde edema. He was hospitalized 4 months prior 
to the present admission because of attacks of nocturnal paroxysmal 
dyspnea and recurrent ankle edema. The findings then AA^ere mitral stenosis, 
aortic insufficiency and auricular fibrillation. He Avas discliarged improved. 
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Althougli not completely compensated on 6 grains of digitalis daily, he 
felt fairly well until 3 weeks before admission when he began to have recur- 
rences of his nocturnal attacks of dyspnea. 

Physical Examination. Temperature, 100°; pulse 80, thin; respiration, 
35; blood pressure, 116/72. The patient was very cyanotic, dyspneic and 
slightly jaundiced. His respirations were of asthmatic character. There 
were numerous rhonclri throughout the chest, and diminished breathing 
at the right base. The apex was seen and felt in the anterior axillary line. 
The first heart sound was snappy and associated with a systolic murmur. 
Auricular fibrillation was present with an apical rate of ISO and a pulse rate 
of 80. The Hver was just palpable; the ankles slightly swollen. 

Laboratory Findings. Urine, blood and sedimentation rate normal. 
Venous pressure 21 'cm. The icteric index varied between 20 and 25. 

Electrocardiogram . Auricular fibrillation . Marked splintering of Q-R-S 
complexes in all leads. 

Epentgen Ray. Cardiac decompensation with pleural effusion at right 
base. ' _ _ ' 

Course. The patient became less cyanotic, and the edema of the legs 
subsided during the first week (after salyrgan injection). On the eighth 
day, however, he had violent pains in the right lower chest, bloody expector- 
tion and rise in temperature to 103°. There were cUnical and Roentgen 
ray signs of infarction at the right base. Seventeen hundred and fift}’' 
cubic centimeters of serosanguinous fluid were removed by paracentesis 
from the infarcted area a few days later. Signs of pyopneumothorax 
developed rapidly. He became progressively more cyanotic, dyspneic and 
edematous until death ensued about a month after admission. 

Clinical Diagnosis. Clrronic cardiovalvular disease. Mitral stenosis. 
Pulmonary infarct with secondarj'- pyopneumothorax, right side. 

Anatomic Diagnosis, Condensed {By Dr. A. Plant). “Buttonhole” mitral 
stenosis. Old and recent mitral endocarditis. Aortic valves drawn out by 
scar formation between the mitral valve, and the septum. Recent thrombus 
parity obliterating mitral orifice. Parietal thrombosis in both distended 
auricles. Hypertrophy of right ventricle. Purulent infarct in lower lobe 
of right lung vdth basal emp 5 fema. Adhesions at both apices. Old infarcts 
in spleen and left kidney. General stasis. 

. Comment. The postmortem findings indicate that the main 
brunt of the disease was in the mitral valve in the form of a tight 
mitral stenosis. The aortic valve showed evidence of chronic 
endocarditis, but not marked to any great extent. Neither a high 
pulse pressure nor Corrigan pulse -were present to suggest that the 
aortic vahadar disease had much to do with the disturbed djmamics 
of the heart. The clinical course after the second attack of rheuma- 
tic fever speaks for greater narroAving of the mitral stenosis that 
already existed, causing a decompensation which was only slightlj' 
influenced by treatment and progressed rapidly to a fatal termina- 
ation. The narrovdng in this case of fibrillation resulted in multiple 
pulmonary infarcts, one of w’hich became infected and led to a 
purulent pleural effusion. 

Comment. Description of “tight” mitral stenosis as a clinical 
• mitity encounters the difficulty that the vahmlar lesion is often 
in the background, and the pulmonary signs in the foreground. Still 
a careful clinical study of the case, taking into consideration the 
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previous history, especially as regards circulatory status, should 
enable one to establish the proper diagnosis with the exception of 
those cases brought to the hospital in extremis, or where the pul- 
monary signs are so prominent as to mask entirely the underlying 
condition. That the diagnosis is possible is attested to by the fact 
that 5 of the 9 cases here reported were correctly diagnosed ante- 
mortem, as well as all of the 4 later cases not reported here. What 
are then the guiding diagnostic phenomena ? 

Since the condition starts as a mitral stenosis without an accom- 
panying insuflBciency, it is important to give the clinical characteris- 
tics of the pure mitral stenosis group, especially those which dis- 
tinguish it from the more common double mitral involvement. 
We can thus learn to recognize those cases which are fertile soil for 
the development of a tight mitral stenosis. 

It is well known that in every mitral stenosis there is excessive 
strain on the left auricle and the pulmonary circuit, and a reduced 
blood inflow into the left ventricle. When insufficiency accompanies 
the stenosis, the narrowing is not as severe, and more blood reaches 
the left ventricle. The resulting hypertrophy of this chamber per- 
mits more blood to be pumped into the greater circulation, thus 
relieving any additional strain on the pulmonary circulation. In 
contrast in the case of pure mitral stenosis there is more narrowing, 
and a greater strain on parts of the heart which are unable to bear 
the load, as Figure 1 shows. The blood reaching the left ventricle in 
these cases is so reduced in amount that left ventricle atrophy with 
consequent undernourishment of the heart and other body tissues 
results. This reduced left ventricular output shows itself clinically 
in the easy fatigability, the cold extremities, the thin pulse and the 
short snappy character of the first heart sound. Roentgen ray also 
shows very early in the course of these cases a mitral configuration 
with prominent pulmonary artery shadow, a dilated left auricle 
often extending so far to the right as to form the right upper cardiac 
border, and an enlarged right ventricle which pushes the small left 
ventricle outward to the left (Fig. 2). When the left auricle is 
much enlarged the barium-filled esophagus is found to be pushed 
to the right and also backward (by the anterioiposterior enlarge- 
ment) as Brown and McCarthy have recently reported.® 

- The back-pressure chronic passive congestion which is part of 
all mitral disease is much more severe in the case of pure mitral 
stenosis than in double mitral affection. Because of its greater 
severity and persistence, chronic irreversible pulmonary changes, 
such as pulmonary fibrosis, pulmonary infarction, and sclerosis of 
the larger and smaller pulmonary vessels occur. According to 
Monterde,® the pulmonary hjqjertension vdth consequent arteritis 
is responsible for the high, bifid P waves which the electrocardio- 
gram often shows in these patients. Clinically the severe pulmonary 



“tight” (non-eegurgitajit) jMITRAL stenosis 


803 


stasis is expressed as peristent pulmonary complaints and a mark- 
edly accentuated and reduplicated pulmonic second sound. 




^ 
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Fig. 1. — Diagram illustrating the difference in the changes produced by moderate 
mitral stenosis ivith regurgitation and those of marked stenosis of the pure non- 
regurgitant type — tight mitral stenosis. The upper third (A) shows the normal 
relationship of the heart chambers to each other, and the pressure relationships in 
the lungs and the large venous bed of the liver. In moderate mitral stenosis (JJ) 
the left ventricle takes some of the load o5 the left auricle by regurgitation. The 
increased pressure in the left ahricle is transmitted through the congested lungs to 
the right ventricle, which is consequently much enlarged. The load can further 
be taken off the enlarged right ventricle by the tricuspid valve which, becoming 
incompetent, permits the large veins and the liver to bear the brunt of increased 
pressure. In tight mitral stenosis (C) where no regurgitation is possible, the left 
ventricle does not relieve the load of the left auricle. In fact, it becomes atrophic 
from the insufficient amount of blood that it has to work on. The left auricle enlarges 
markedly, often 5 or 6 times its normal size. The pressure in the left auricle is tre- 
mendous, but cannot be adequately relieved by the lungs because of the numerous 
infarcts and thrombi forming in them. The lungs, instead of being elastic enough to 
transmit some of the pressure back to the right heart, must bear the brunt of the 
pressure itself, and become voluminous. This helps explain why the death in tight 
mitral stenosis is essentially a pulmonarj’’ one — and why once decompensated these 
cases offer no mechanism of recompensation. 


We thus see that the patient with, pure mitral stenosis does not do 
as well from the start as the average case of mitral stenosis with 
insufficiency. He is constantly troubled by “hea^'^' chest colds,” 
dyspnea on slight exertion, cough and blood spitting. The pulmon- 
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ary symptoms are usually so prominent that he is mistakenly 
believed to be suffering from bronchiolitis, chronic emphysema or 
even pulmonary tuberculosis. Occasionally the cardiac murmur 
cannot be heard at all, and only the pulmonary findings suggest 
the condition, as in the case of tight mitral stenosis reported by us 
several years ago which was clinically “silent.”®- 

Though the patient with pure mitral stenosis is at a disadvantage 
as compared to one vdth mitral stenosis and insufficiency (whether 
absolute or relative from dilatation of the A-V ring), the prognosis 
is not hopeless. If the progress of the mitral lesion is halted it 
may be wide enough to permit adequate circulation for many years 
before decompensation ensues. EA'^en then the decompensation 
is not necessarily irreversible or fatal, for the mitral ostium may 
be still physically large enough to permit sufficient circulation 
of blood. If however further inffammatory calcific changes take 
place, and a tight mitral stenosis is formed, the sjonptoms of marked 
pulmonary stasis become rapidly aggravated, and progressi^''e 
irreversible decompensation sets in, often with pulmonary emboliza- 
tion, bloody expectoration, pidmonary edema, and terminal broncho- 
pneumonia. The patient may still live a while longer, the burden 
* on the lungs being somewhat relieved by the occurrence of right 
heart failure with relath^e tricuspid insufficiency and engorgement 
of the liver. The relief is only temporary, however, for the lungs 
have been permanently damaged by diffuse infarction, fibrosis, and 
secondary inflammatory changes. 

The diagnosis of tight mitral stenosis, then, is made on the 
history of persistent cardiac and respiratory discomfort which 
does not permit the patient at any time to be fully compensated; 
the prominence of cardiac and pulmonary symptoms with scanty 
physical signs; and the rapidity and irreversible nature of the first 
true decompensation, which is also the last. In its clinical essence, 
the damage is mechanical more than inflammatory. 

If the above picture and the possibility of the existence of the 
condition in any case of mitral disease which fails to react to treat- 
ment is kept in mind, the diagnosis will be seldom missed. There are 
very few conditions which simulate the profound decompensation 
of these cases toward the end. Pancarditis in a younger indmdual 
may occasionally appear like tight mitral stenosis, but in pancar- 
ditis the condition is essentially inflammatory, the sedimentation 
rate is increased, and signs of rheumatic activity are present. ^ In 
tight mitral stenosis the decompensation is purely mechanical, 
being due to the block at the mitral orifice. 

There is 'no way of ascertaining, unfortunately, which cases of 
pure mitral stenosis will later develop into tight mitral stenosis and 
which will not. H(nYever, any case of this kind showing persistent 
symptoms not noticeably relieved by the usual treatment (digitalis, 
bed rest) is probably already beginning to suffer fatal changes. 
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The dire consequences of the first decompensation in tight mitral 
stenosis emphasize the importance of reducing the activities of these 
patients. Although caution cannot prevent the further changes 
in the stenosed valve caused by reinfection, it can at least keep the- 
patient from decompensating before the fatal narrowing occurs. 

Conclusions. Tight (non-regurgitant) mitral stenosis is a definite 
clinical as well as pathologic entity. It is a fairly common terminal 
stage of pure mitral stenosis, i. c., a stenosis without accompanying 
insufficiency. 

The early stage is characterized by persistent symptoms of respir- 
atory discomfort and pulmonary stasis— cough, dyspnea and acro- 
cyanosis. There are only moderate signs of mitral disease— a short 
presystolic murmur, a click of the fii’st sound, or a marked accen- 
tuation of the pulmonic second sound— so that these cases are often 
mistaken for primary pulmonary affections. The Roentgen con- 
figuration appears early and is tjqiical of pure mitral stenosis. Due 
to sclerotic changes in the pulmonary artery the electrocardiogram 
often shows high bifid P waves. 

The later stages of the disease are caused by inflammatory changes 
in the mitral valve with superimposed deposition of lime, which 
narrow the ostium still further, making it incompatible with life. 
Clinically this is marked by rapidly progressive, irreversible decom- 
pensation. The most prominent sjonptoms are pulmonary— per- 
sistent dyspnea and blood spitting. Often a bronchopneumonia 
complicates the terminal picture. 

It is-of both diagnostic and prognostic importance to differentiate 
this fatal type of mitral stenosis from the more benign form of 
double mitral disease (stenosis with insufficiency). 

We are deeply indebted to Dr. A. A. Epstein and Dr. M. A. Rothschild who kindly 
allowed us to study and report 6 of the cases which were on their respective medical 
services, and to Dr. A. Plant for his complete pathologic studies and helpful sug- 
gestions in these cases. 
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ACTIVE VERSUS CONSERVATIVE MANAGEMENT OF PLANNED 

DELIVERIES. 

By John C. Hirst, A.B., M.D., F.A.C.S., 

ASSISTANT PROFESSOE OF OBSTETRICS, SCHOOI. OF MEDICINE AND GRADUATE SCHOOL 
OF MEDICINE, UOTVERSITY OF PENNSYLVANIA, PHILADELPHIA, PA. 

(From the Department of Obstetrics, University of Pennsylvania School of Medicine.) 

This report is a survey of contrasting methods and results of 
parturition in 3 maternity wards during identical periods of time 
in Philadelphia. Statistics of births from 1931 through 1934 are 
presented for the purpose of comparison with the tabulations of 
the Philadelphia Maternal Health Committee for these years, and 
because of deJSnite change in recent obstetric practice featured by 
forceps control, episiotomy, labor analgesia, low Cesarian section, 
and a new conception of eclampsia. The material for consideration 
is the outcome of 5000 planned deliveries in the maternity wards of 
the Hospital of the University of Pennsylvania, the Methodist 
Episcopal Hospital, and the Preston Retreat of Philadelphia, to 
which is added a summary of 1500 private planned deliveries from 
a longer period of years. 

Such comparisons might be misconstrued, but when offered by 
the same staff member from each service should be acceptable, 
particularly since this t 5 ’'pe of report is rarely available by reason 
of the fact that few annual hospital analyses segregate the results 
of planned from emergency deliveries. For example, prior to this 
review, in our obstetrical department, results of material from the 
receiving ward, consulting physicians, student outside service, and 
prenatal clinic have been hitherto grouped together in a general 
summary. Therefore it is timely to know the obstetric expectations 
of underprivileged mothers who have registered before and delivered 
after the 28th week of gestation in well-appointed maternity hos- 
pitals, following adequate prenatal care. 

University of Pennsylvania Maternity.* This service received a 
large proportion of non-pay, many part-pay and some full-pay 
patients, including 33.8% colored women, most of whom were 
discharged 12 days after delivery. Under the late Professor Piper, 
there were 3 interns, 1 resident in obstetrics, 3 assistants (one at a 
time for 2 months), and myself as alternate obstetrician. Some of 
the material was used in the regular semiweekly teaching clinics, 
but most of these deliveries were witnessed, but not examined 
internally, by 1 or 2 students. 

Causes of Maternal Deaths. 1, Postpartum hemorrhage after 
breech birth and tamponade of uterus; 2, postpartum hemorrhage 
after mid forceps; 3, postpartum hemorrhage after version; 4, post- 
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partum liemorrliage after twin birtli; 5, septicemia, peritonitis after 
twin birtli; 6, septicemia, peritonitis after high forceps; 7, septicemia, 
peritonitis after section for ectopic gestation; 8, septicemia, peri- 
tonitis; 9, myocardial failure; 10, nephritic toxemia after Cesarian 
section; 11, "labor pains”— shock during labor; 12, acute dilatation 
of heart after spontaneous delivery; 13, "collapse” after version. 


* Table 1. — Results op Planned Delivehies. 
Over 28 Weeks Gestation. 


^ Description. 

Univ. of 
Pennsylvania 
hlaternity. 

Methodist 

Hospital. 

Preston 

Retreat. 

Personal. 

Total deliveries 

2157 

1070 

2066 

1472 

Total operative interference . 

SS7 — 11.8% 

169—15.8% 

174—8.4% 

823—56% 

(Spontaneous) 

1270—58.6% 

901—84.2% 

1892—91.6% 

648—44% 

Forceps 

707—32.7% 

118—11% 

52—2.5% 

636—13.4% 

High- 

3 

3 

0 

20 

Mid- 

190 

27 

13 

52 

Low- 

514 

88 

39 

565* 

Breech 

61-2.8% 

25—2.3%, 

91—1.4% 

30—2% 

"Spontaneous” 

29 

15 

84 

17 

Extraction (decomposition) 

4 

I 

1 

13 

, A. C. H. forceps 

29 

9 

6 

22 

Podalic version 

42—2% 

7—0.6%, 

16—0.8% 

79— 5.3%t 

Cesarian section 

76—3.5% 

19—1.8% 

15—0.7% 

78—5.3% 

Other complications: 




■■■■lllll 

Surgical inductions 

i IS 

8 

4 


Placenta previa 

0 ■ 

4 

9 


Complete lacerations .... 

1 1 

5 

5 


Eclampsia (no deaths) .... 

! ^ 

3 

7 


Total morbidity 

Spontaneous deliveries .... 

High forceps 

Mid forceps 

Low forceps 

{ 369—17% 
11. 1%. 

0 

31.5% 

I 17.2% 

114—10.6% 

178—8.6% 

(incom^ete) 

Maternal deaths (see causes) 

13—0.6% 

2—0.19%, 

3-0.14% 

3—0.2% 

Infant deaths (no corrections) 
Stillborn 

1 88—1.0% 

1 2.8% 

30—2.8% 

40—2.3% 

1 1.4% 

1 37—2.6% 

} 

Neonatal deaths 

! 1 . 2 % 

1 .... 

0.9% 

1 

1 


* Mostly control. t Including dccompositioh of 14 tudns. 


Comment. The forceps incidence is high but represents chiefly 
forceps control applied with the "head on the perineum” or scalp 
showing, inherited through a custom of 40 years from the Emeritus 
Professor of Obstetrics, B. C. Hirst. The total operative inter- 
ference in 1934 for planned deliveries was onl}’’ 14.5% low’^er than 
for the total average of 47.7% for all types of births during the 
previous 3-5^ear period; but our 4-3'^ear maternal mortality' of 0.6% 
is less than one-half that of 1.64% for the previous 3-year general 
rate reported by the Philadelphia Maternal Mortality Committee. 

The Universitj’’ morbidity figures argue strongly for spontaneous 
delivery, in spite of absence of fever in the few cases of high forceps, 
which latter were performed by staff members. 

No deductions or corrections are given under stillborn and neo- 
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natal deaths, in spite of the fact that the University Maternity 
sj-philis frequency averages about 6%, and several monstrosities 
were included in this group. Forceps control should reduce infant 
death rate, but apparently failed to do so in comparison with the 
tAvo other services, even though Foregger and Flagg apparatuses 
for insufflation of 10% CO 2 in 90% oxygen, and a respirator were 
available. 

Analgesia may have accounted for some of the fetal deaths, since 
morphin and scopolamin or Gwathmey’s rectal ether were utilized 
in the majority of labors, Avith nitrous oxid-oxygen anesthesia at 
deliA’^ery. 

In normal as aa^cII as operative births, the management of the 
third stage of labor is a great source of morbidity or even mortality. 
In 4 of the University maternal deaths due to postpartum hemor- 
rhage, and 3 due to sepsis, mismanagement of the placental deliAmry 
was a factor. It is possible that the plan of routine medication, 
namely, Ernutin mil. 0.5 intramuscularlj'- at deliAmry of the infant, 
and Pitocin mil. 0.5 hypodermatically at deliA'^ery of the placenta, 
might have been related to the occurrence of postpartum hemor- 
rhage; but it is certain that ceaseless simple holding-doAAUi of the 
fundus (particularly following deep etherization as for podalic 
version) until return of good after-contractions before expression 
of the placenta is vital. 

Methodist Episcopal Hospital Maternity.* During the first 3 years 
of this survey all of the patients were obliged to pay in advance 
$36 for 10 days, and during 1934, $25, so that this material approx- 
imates that of a priA'-ate AA’ard, with no colored AA'omen, and a fre- 
quency of syphilis between 2 and 3%. The system is ideal for a 
small service AAfflich now aA'^erages 400 births yearly, since the 
deliveries are divided under a chief obstetrician betAA'^een 2 con- 
tinuous serAuce associate obstetricians, with a 6-Aveek intern sup- 
ported by the chief resident physician. This management permits 
direct supervision by one of the staff of all operatiAm deliveries 
other than outlet forceps, and all breeches and primiparas, leaving 
the instruction of the intern in episiotomy, outlet forceps and 
routine matters to the chief resident. Moreover, when the intern 
enters the sei’A’ice, he receiA^es a condensed AA^ard technique of 
5 pages, a “code” of instructions, and has access to a large loose- 
leaf detailed technique book. 

Caiises of Mcdernal Deaths. 1, Pneumococcic cerebrospinal men- 
ingitis at 36 weeks gestation, contracted prior to Cesarian section 
performed during coma to protect the child, which survived; 2, 
hemorrhage and peritonitis folIoAA’ing Cesarian section performed 
after 19| hours’ trial labor for contracted pelvis. 

Comment. Again the forceps deliAmries were maiiilj' of the control 
type, and not too frequent. C esarian sections AA^ere not too high. 
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and versions few. The morbidity standards, identical in all 3 insti- 
tutions, namely fever of 100° F., twice consecutively in any 24-hour 
period excluding the first 24 hours after birth, the temperature 
taken every 4 hours, show fair results here. 

The maternal mortalit}^ rate is excellent, but the fetal rate not 
so good, but again no exceptions or corrections of any sort. Anal- 
gesia in labor did not appear to account for asphyxia, about one- 
half of the mothers having received an average of phenobarbital 
sodium, gr. vi, with either morphin sulphate, gr. |, or codein sul- 
phate, gr. I, or scopolamin, gr. ytoj terminating in light ether. 

The Preston Retreat.* This unique institution, privately endowed 
in 1837 for obstetric care only, offers free to indigent married women 
of good character, up to 2 weeks prenatal, and up to 4 weeks post- 
natal, hospitalization in a fine maternity hospital. We therefore 
secure good American stock, under imusual control both indoors and 
out. . 

This is one of a very few active maternity services where the chief 
obstetrician personally examines and estimates the obstetric capac- 
ity of each woman prior to birth; and where truly conservative 
obstetrics may be attained by utilizing an exiierienced day or night 
superintendent for normal births, excluding breech deliveries. 

Since the results of my predecessor. Dr. Richard Norris, and 
acting chief physician, Dr. Calvin Hartman, were so outstanding, 
I elected to continue the same conservative policy, with the results 
given in the table, constituting a comparison of methods and 
attainments not available elsewhere. 

Causes of Maternal Deaths. 1, Myocardial failure following 
Cesarian section; 2, cerebral abscess due to septic embolism — 
4 weeks after practically healed incisional infection; 3, postpartum 
hemorrhage following breqch decomposition-extraction for placenta 
previa in a woman Avho had experienced three hemorrhages, refused 
to inform even her husband, and delayed entering the hospital for 
“fear of instrumental birth.” 

Comment. The figures speak for themselves, and are very credit- 
able, showing a maternal mortality incidence nearly 5 times less 
than the gross rate for Philadelphia. One-third of the mothers 
received “standard” Gwathmey rectal ether analgesia in labor, 
some nitrous oxid at birth. The incidence of breech births is very 
high (especially in view of routine reasonable effort at one external 
version 4 to 6 weeks before term), but showed extraordinarily good 
results under conservatism, each breech birth being considered as 
“interference.” 

A possible criticism is that we are neglecting to train assistants 
in operative obstetrics, but we are compensating for this through 
the courtesy of one of our consultants. Prof. W. R. Nicholson, j)y 
instructing University of Pennsylvania graduate medical students. 
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who are allowed to assist with repairs and occasionally to use 
forceps. Furthermore, in addition to the prime consideration being 
the welfare of the patient, is the fact that contact with a truly 
conservative method of treatment in itself constitutes good training. 

Personal Cases.* In contrast with the ultraconservative Preston 
Retreat figures, the author offers the results of a series of consecu- 
tive hospital private births beyond 28 weeks’ gestation over a 
longer period of years. 

Causes of Maternal Deaths (none preventable). 1, Hemorrhage 
and shock after section for full term abdominal pregnancy with 
the placenta attached partly to intestines; baby survived; 2, embol- 
ism on 22d day after recovery from Cesarian section and post- 
operative cholecystitis; 3, pneumonia, contracted prior to natural 
term birth. 

Comment. The most significant feature of these private cases is 
the very small proportion of mid forceps (10%) contrasted with 
the outlet applications, which is explained by routine deep sedation- 
analgesia. The great majority of our private clinical charts show 
no deviation from the normal, indicating that any elevation of tem- 
perature above 99° F. constitutes morbidity; and that primary breast 
engorgement does not induce fever, even though early lactation prob- 
ably by allergic reaction, and of course later inflammation may 
produce morbidity. 

Our personal maternal mortality rate is particularly significant 
in view of the fact that all specialists register many women with 
known complications; in other words, meet with a much higher 
proportion of obstetric hazards than occur in the general run of 
pregnancies, or even in women’s clinics. However, let us take 
inspiration from two New York City clinics, where, during 1934, in, 
the Women’s Hospital, not one of 814 registered confinements 
proved fatal to a mother; and in the Lying-in Hospital services 
where, during 1934, in 4317 live births of all types there were only 
0.17 % maternal deaths. 

Conclusions. 1. In general, conservative ward obstetrics is safest 
for mother and child; but reasonable assistance by a trained special- 
ist yields as good results with more relief. 

2. Interns should be pre-instructed in proper methods of delivery' 
and the importance of rigid adherence to technique, and must be 
supervised in every abnormal labor and in all operative deliveries. 

3. A member of the major obstetric staff should be present at 

all operative deliveries other than outlet forceps, and at all breech 
deliveries. , 

4. No effort whatever should be made to interfere with natural 
birth for the purpose of exhibition to students, since demonstration 
forceps or other operative deliveries instituted only for ’instruction 
of students or interns have been found unjustifiable. 
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OBSERVATIONS ON THE ETIOLOGY OF THE TOXEMIAS OF 

PREGNANCY. 

The Relationship of Nutritional Deficiency, Htpopro- 

TEINEMIA, AND ELEVATED VENOUS PRESSURE TO WATER 

Retention in Pregnancy.*! 

By Maurice B. Strauss, M.D., 

BOSTON, MASS. 

(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
(Harvard), Boston City Hospital, and the Departments of Medicine and 
Tropical Medicine, Harvard Medical School.) 


Approximately 25% of present-day maternal mortality is due 
to toxemia of pregnancy. Althougli such disorders as the anemias 
and polyneuritis of pregnancy have been included under this designa- 
tion,, these conditions may now be considered due to nutritional 
deficiency.'"® The term toxemia of pregnancy, as employed in this 
paper, designates the occurrence of arterial hypertension, with or 
without other abnormalities, during the latter months of pregnancy, 
in women known to have had normal blood pressures and no albu- 
minuria early in gestation. The term eclampsia is reserved to 
designate the occurrence of convulsions and coma during the latter 
months of pregnancy, in labor, or during the puerperium, in women 
not presenting evidence of epilepsy, brain tumor or other adequate 
cause for the condition. Many observers believe that such events 
are the result of the action of one or more hypothetic toxins elabor- 
ated by the maternal or fetal organism. Although albuminuria is a 
common concomitant of toxemia, hypertension alone occurred in 
585 of the 1036 cases of toxemia reported by Tillman and Watson. ® 

When convulsions and coma occur in the latter part of pregnancy 
or the puerperium, albuminuria and hjqjertension are usually 
present. However, convulsions and coma, considered to be eclamp- 
sia, have been reported without albuminuria by numerous clini- 
cians, and more rarely, have been observed in the absence of 
arterial hypertension.'®"" 

There remains, however, one other condition which is an exceed- 
ingly common concomitant of any and all of these other manifesta- 
tions of toxemia, that is edema. In fact, most observers believe 
that either gross or occult edema is the smc qua non for the diagnosis 
of true toxemia of pregnancy. However, Fink'® claims that 95% 
of all pregnant women have some degree of occult or gross edema. 

* This vrork was made possible through the cooperation of the visiting surgeons 
and house staff of the Obstetrical Service of the Boston City Hospital, to whom the 
^v^iter acknowledges his indebtedness. 

t This paper was presented before the American Society for Clinical Investigation 
at Atlantic City, N. J., May 6, 1935. 
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More than 60 years ago, Rosenstein^® advanced the thesis that 
cerebral edema was the cause of eclampsia. This he regarded as 
due to the effusion of serum from the “too-watery” blood into the 
cerebral tissues. Charpentier,® 13 years later, agreed with .several 
compatriots that a diminished amount of albumin in the blood ivas 
a predisposing cause in the production of eclampsia. 

h'lore recently Wieloch*^ has observed the universal occurrence of 
water retention in his cases of toxemia of pregnancy, and Zange- 
meister'^ has actually demonstrated edema of the brain by means 
of trephining the skulls of eclamptic patients. Prutz,i® and Arnold 
and Fay,^^ among many others, have made similat observations 
postmortem. Bingham^® showed that toxemia developed only in 
those women who gained weight excessively. Although the cause 
of this weight gain was not determined, water retention might be its 
explanation. The cause of the marked water retention, which by 
general consensus of opinion*® is so uniformly present in toxemia, 
has been variously ascribed to an excess production of pituitary 
antidiuretic hormone,®® to primarj’’ kidney disease,®* to a disturbance 
in the stability of the plasma colloids,®® and to pressure of the en- 
larged uterus on the ureters,®^ among many other hjTpothetic causes. 
However, no satisfactory evidence has been presented for any of these 
theories. No modern investigator has reexamined the hypothesis of 
Rosenstein, Prodhomme and others in the light of present-day loiowl- 
edge concerning the mechanism of edema formation. Our under- 
standing of this mechanism begins particularly with Starling’s®* 
demonstration of the role which the colloid osmotic pressure of the 
plasma proteins plays in counter-balancing the mechanical effect of 
the intra-caj- illary blood pressure. From Peters and Van Slyke’s®® 
excellent summary we learn that tlmee main factors are involved : the 
intra-capillary blood pressure, the osmotic pressure of the plasms^, 
proteins, and the capillary permeability. In addition, edema appar- 
ently may occur as a result of the lack of certain still unknown acces- 
sory food factors (Yang and Huang,®® Youmans,®® Elsom®® and 
others). Furthermore, Weech ct alP have recently shown that 
edema is formed in poorly nourished dogs at a much higher level 
of plasma proteins than in well-nourished dogs whose plasma pro- 
teins have been depleted by plasmapheresis. It is also apparent 
that edema cannot be formed unless there be supplied to the organ- 
ism the necessary materials, that is, water and salt. 

It is pertinent to consider at this point what changes occur in 
these various factors involved in water exchange during normal 
pregnancy. Grzechowiak®® and Mufson®* have directly measured 
the intracapillarj- pressure in pregnancy. Although it is not ele- 
vated in normal pregnancy, they found it to be markedly so 
in eclampsia and many cases of toxemia. However, the work of 
Landis and Gibbon®® has so clearly demonstrated that the filtration 
of fluids out of the capillaries is directly proportional to the venous 
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pressure that studies of the latter in pregnancy by Runge^^ are 
important. The maximum venous pressures which he observed in 
normal non-pregnant subjects were 6.6 cm. and 7.2 cm. of water in 
the arm, and leg respectively, contrasted to 8.9 cm. and 8.8 cm. 
respectively inmormal women during the first 7 months of pregnancy 
and 9.8 cm. and 31.4 cm. respectively in normah women in the last 
2 months of pregnancy. Barath and Weiner®’* found venous pres- 
sures of from 10 to 18 cm. of water in the arm at the end of normal 
pregnancy. It is thus apparent that normal pregnancy, particularly 
in the later months, may result in a distinct elevation of the venous 
pressure. If this is due to the mechanical effect of the enlarged 
uterus, one might expect it to be most marked in primiparce with 
taut abdominal walls, in the obese, in the pyknic tj^ie, and in women 
with very large uteri from twin pregnancy or hj^dramnios. There 
is no doubt but that there is a higher incidence of toxemia in such 
individuals.®®'® It is also apparent that the venous pressure is 
tremendously raised during the active stage of labor, during which 
time contractions of the abdominal musculature and diaphragm 
result in expulsive efforts.®® It may be significant that 53% of all 
reported cases of eclampsia summarized'from everj^ available source®® 
occurred during labor and 21% shortly after delivery. Unless a 
mechanical effect is involved, it is difficult to understand why 
three-fourths of all cases of eclampsia should occur during this 
relatively short period of the gravid state. 

The concentration of the plasma proteins has been regularly 
found lowered during pregnancy This is corroborated by 
the data to follow. Eufinger,®® Plass,^® Eastman*^ and others have 
found this lowering of the plasma protein concentration most marked 
in toxemias of pregnancy and particularly in eclampsia, which is 
also evident from the data in this paper. The albumin fraction 
which has 4 times the osmotic pressure of the globulin fraction is 
particularly reduced. Although the degree of reduction of the 
osmotic pressure of the plasma proteins in pregnancy is ordinarily 
not below the so-called critical level for edema formation in the 
normal individual, it should be remembered that, in the presence of a 
second disturbance affecting filtration, there may be a much higher 
critical level, as has recentlj’’ been sho’\\m in heart disease by 
Thomson.^® 

The cause of the lowering of the plasma protein concentration in 
pregnancy has not been clearly defined. One cause is apparent. 
It is recognized that the fetus draws upon the maternal organism 
for dietary factors, including its protein precursors, no matter 
what depletion of the mother results.* Therefore, if the mother’s 
protein intake has been barely sufficient for her own economy and 
no change is made in her diet after pregnancy occurs, depletion of 
the mother’s protein, especially in the last trimester of pregnane}', 
may be inemtable. 
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Disturbed gastro-intestinal function can condition dietary deficien- 
cies. Such disturbances are common in pregnancy^'^®-^^ and could 
play a role in conditioning protein deficiency in certain pregnant 
women in spite of an apparently adequate diet. Definite evidence 
on this point is, however, lacking-. The part played in pregnancy 
by a failure to manufacture proteins through a disturbance of the 
organs involved in their production is entirely hypothetical but 
possibly important. 

Observations. The Plasma Proteins in Normal Pregnancy and 
in Toxemia. The concentration of the total plasma protein and 
of the plasma albumin was determined by a modification of the 
method of Howe^® on oxalated venous blood drawn without stasis, 
after the subject had been recumbent for at least 15 minutes. These 
observations were made on blood from the antecubital veins of 65 
pregnant women. Of these 35 were normal and in the last 2 months 
of pregnancy, 20 were suffering from toxemia during a similar 
period of pregnancy, and 10 had eclampsia. The 20 with toxemia 
were known to have had normal arterial blood pressures and no 
albuminuria early in pregnancy, although at least 3 had had toxemia 
in preceding pregnancies, 1 having had eclampsia twice. ' At the 
time that blood was withdravm for these determinations, each of 
the 20 patients with non-convulsive toxemia had a blood pressure 
of 150 (systolic) and 100 (diastolic) or higher. Seven had from 0.2 
to 2 gm. of albumin per liter of urine (Tsuchiya method). The 
remaining 13 had only very slight traces of albumin in the urine. 
Only 3 had gross edema. 

Each of the 35 normal pregnant women was closely questioned 
as to her usual protein intake both during and prior to pregnancy. 
Before any chemical analysis was made of the plasma, each dietary 
history was evaluated as either average or low in protein content. 
Of these women 20 had had diets containing moderate amounts of 
protein (estimated at 60 to 100 gm. per day), and 15 had had defi- 
nitely low protein diets (estimated at less than 60 gm. per day). The 
failure to encounter any women with high protein intakes can 
probably be explained by the fact that they were all elinic patients 
and hence unable to afford the more costly protein foods in large 
amounts. 

In Chart I are presented the plasma albumin concentrations of 
the 65 women grouped according to the condition which they pre- 
sented. 

It is apparent that in toxemia, with or without convulsions, the 
plasma albumin concentration is decidedly lower than in normal 
pregnant women. The average concentration of the plasma albumin 
in the 10 patients vdth eclampsia was 2.6%, in the 20 patients with 
toxemia vdthout con^^llsions 3.1% and in the 35 normal pregnant 
women 3.56%. The lowering of the plasma albumin concentration 
in the 20 patients with non-convulsive toxemia can hardly be 
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ascribed to a loss of albumin in tbe urine, as 13 of these women had 
only very slight albuminuria. The average concentration of plasma 
albumin was lower in the normal subjects mth poor protein intakes 
than in those with average intakes. 



Chaet I.— Plasma albumin concentration during the last 2 months of gestation 
in 20 normal women on average protein diets, in 15 normal women with low-protoin 
intakes, in 20 women with non-convulsive toxemia of pregnancy, and in 10 with 
eclampsia. Each dot represents 1 patient. The horizontal lines represent the average 
values for each group. 



Chart II. — Plasma globulin concentration in the same group as in Chart I. 

In Chart II the data on plasma globulin concentration obtained 
on the same 65 women is shown. The entire absence of correlation 
betvTen diet, toxemia or eclampsia and the level of globulin is 
obwous. 

Because, however, it is the colloid osmotic pressure exerted by 
both the albumin and globulin that is of importance with regard to 
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edema formation, the osmotic pressure of both fractions together 
has been calculated by Wells, Youmans and Miller’s method^® in 
each case (Chart III). The average osmotic pressure was lowest in 
eclampsia (175 mm. of water), next in non-commlsive toxemia 
(215 mm.), next in normal pregnant women with poor diets 
(232 mm.), and highest in those with good diets (258 mm.). 

The Venous Pressure in Normal Pregnancy and in Toxemia. 
The venous pressure of 20 pregnant women during the last trimester 
of pregnancy, whose arterial blood pressures were 150 mm. Hg 
systolie and 100 mm. Hg diastolic or higher, and of 20 normal preg- 
nant women during the last 2 months of gestation was determined by 
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Chart III. — Calculated osmotic pressure of the total plasma proteins in the same 

group as in Chart I. 

the method of Moritz and Tabora.®® Readings were made after 
the subjects had been in a recumbent position for at least 15 minutes. 
The average venous pressure of normal non-pregnant individuals 
has been given by Eyster®^ as 5 cm. of water, with a maximum of 
11 cm. During the last 2 months of normal pregnancy (Chart IV) 
the average venous pressure of 20 women was 10 cm. of water with 
a maximum of 18 cm. The average venous pressure of the 20 
patients with toxemia was 13.3 cm. of water, a value not signifi- 
cantly different from normal pregnant women but distinctly higher 
than in normal non-pregnant subjects. 

The impression obtained was that the venous pressure was par- 
ticularly elevated in the short, stocky, obese women and in the 
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extremely thin and rather frail appearing women whose abdomens 
seemed hardly large enough to accommodate a full-term pregnant 
uterus. 

Dieiary Histories of Wometi with Toxemia of Pregnancy. The 
dietary histories of 20 pregnant women with toxemia, were carefully 
studied. Six of these women had had severe nausea and vomiting 
for several months early in pregnancy which had greatly limited 
their total intake, concentrated carbohydrates being their chief 
food during the period of emesis. Two other patients had had 



Chart IV.— Venous pressures in 20 normal prcKnunt women and in 20 witli non- 
con\TiIsive toxemia of preEuanoy, all within the last 2 months of Rcstatioii, Dots and 
borizontal lines as before. 

moderate emesis which had caused them to restrict their food to a 
certain extent. Of the 20 women, IS had eaten little meat or other 
protein foods, not only during pregnancy but often over a period 
of years. The daily protein intake of tliese patients was estimated 
at less than 50 gm. daily. At least half of them stated that they 
were “poor meat eaters.” Of the 20, 9 specified that they were very 
fond of and ate sweets and pastries in large amounts. Fifteen, who 
had accurate knowledge of their weight before pregnancy, had 
gained 20 to 44 pounds during gestation. 

PcsnJi.s of Trcaimeni of Toxemin of Pregnancy u'iih a Special 
Piet High in Protein. Of the 20 pregnant women with toxemia, 
each of whom had an arterial blood pressure of 150 (.systolic) and 
100 (diastolic) or higher, 15 were given a diet containing 2G0 gm. of 
protein, 150 gm. of carbohydrate and 70 gm. of fat (2270 calories). 
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The protein was supplied in the form of lean meats, egg whites, 
skimmed milk and 300 gm. of raw liver pulp daily. Fluids were 
allowed freely. No purgation was employed. These patients were 
in the hospital during the period of observation but were not con- 
fined to bed. Ten of these 15 also received by daily intramuscular 
injections 5 cc. of a vitamin Bi concentrate and 5 cc. of Solution 
Liver Extract— Lilly (N. N. R.).* The latter is believed to contain 
the pellagra and black-tongue preventative fraction of the \dtamin 
B complex. 

The weight changes of these 15 women at the end of a fortnight 
of this treatment are shown in Chart V. In general, weight was 



Chart V. — Weight changes after 2 weeks of 5 women with non-convulsive toxemia 
of pregnancy receiving a 20 gm. protein diet and of 15 similar women receiving a 
260 gm. protein diet and parenteral injections of vitamin B. 


lost steadily during this period in spite of the fact that they had 
daily about 2270 calories and were largely at rest. The amount 
of weight lost depended particularly on the proportional amount 
gained during the earlier months of pregnancy. In 3 patients gross 
edema completely disappeared, so that there was a marked loss in 
weight within 20 days. After the period of weight loss or within 3 
weeks or less, the patients usually showed slow gains in weight con- 
sistent with the caloric intake. Rarely did the weight reach a level 
as high as that observed upon admission to the hospital. That this 
loss of weight during the first 2 or 3 weeks of treatment was due to 
the disappearance of either gross or occult edema seems to be very 
probable. 


* Kindly supplied by Eli Lilly and Co., Indianapolis, Ind. 
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Coincident with the loss of weight, symptoms such as headache 
and visual disturbances were abated. In Chart VI, the arterial 
blood pressure of these women is shown at weekly intervals. In no 
case did the pressure rise after treatment was instituted. It is of 
interest that in every case the arterial blood pressure fell to below 
a systolic level of 140 mm. of mercury and to below a diastolic level 
of 90 mm. of mercury within 3 weeks of commencing treatment. 
The records indicate that the more acute the onset of the arterial 
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Chaht VI. — Arterial blood pressures in successive weeks of 15 women with non- 
con\’ulsive toxemia of pregnancy receiving a high-protein diet. The solid circles 
represent the systolic blood pressure, the open circles, the diastolic blood pressure. 
Seven of the patients were delivered by the end of the third week. No postpartum 
pressures are shown. 


hypertension and the earlier the treatment, the more rapid was the 
response. 

Albuminuria either remained unchanged or decreased in degree. 
Mo evidence suggesting that such a diet might lead to uremia can 
be dra^TO from Table 1, in which are presented the non-protein 
nitrogen values for these 15 women before and after the institution 
of the high-protein diet. ‘ 

The calculated osmotic pressure of the plasma proteins in these 
women rose in 2 weeks an average of 7% of the initial level, usually 
by virtue of rises in both albumin and globulin fractions. 

No fetal mortality occurred after the institution of this special 
diet. 

After 3 of the above patients received the special diet in the 
hospital for 1 month, they returned to their homes, continuing the 
diet to the best of their abilities, during a period of 1 to 2 months 

VOL. 190, NO. 6. DECLMIIKIt, 1935 29 





820 


STRAUSS: TOXEMIAS OF PREGNANCY 


Table 1. — The Non-protein Nitrogen op the Blood Plasma in 15 Patients 
With Non-convelsps-b Toxemia op Pregnancy Before and After 
Adxhnistration of a High-protein Diet. 


Before 

After 

mg. per 100 cc. 

mg. per 100 cc. 

15 

25 

20 

27 

IS 

25 

18 

30 

IS 

33 

22 

32 

13 

35 

17 

25 

15 

27 

18 

23 

18 

31 

13 

25 

14 

28 

16 

27 

11 

22 


Average 16.4 


Average 27.0 


before each was delivered. In no instance was there any return 
of toxemic sjouptoms. Weight curves showed no evidence of recur- 
rence of occult edema. 

Remits of Treatment of Toxemia of Pregnancy loith a Low-protein 
Diet. Five of the 20 pregnant women wdth toxemia, wdth as nearly - 
as possible identical signs and symptoms as the 15 w'omen mentioned 
immediately above, w^ere given a diet containing 20 gm. of protein, 
65 gm. of fat and 400 gm. of carbohydrate. This diet contained 
2265 calories or approximately the same number as the high-protein 
diet. How^ever, it contained no meat, milk, fish, or eggs. The 
sodium chlorid content was essentially the same as that of the high- 
protein diet. The vitamin content was low. Fluids were allowed- 
freely and no purgation w^as employed. The w'eights of these 5 
wmmen during a period of 2 weeks are shown in Chart V. One 
patient gained 5.25 pounds, a second 1.75 pounds, and the remaining 
3 lost 0.25, 1.75 and 2 pounds each. The blood pressure (Chart- 
VII) in 2 cases had fallen to normal within 2 weeks, in the remaining 
3 patients it either rose or was stationary. Albuminuria w^as un- 
changed in 3 of the 5 patients, and increased from a faint trace to 
0.3 and 15 gm. per liter respectively in the remaining 2 w^omen. 
The calculated osmotic pressure of the plasma proteins fell an aver- 
age of 9% of the initial value in these 5 wmmen, the loss being 
chiefly at the expense of the albumin fraction. 

Discussion. It is apparent that edema disease in pregnancy, 
mechanically complicated as it is by the large intraabdominal mass 
of the pregnant uterus, an elevated venous pressure, and the con- 
stant drain on the protein reserves of the mother, must necessarily 
differ from edema disease in the non-pregnant individual. It is of 
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interest, however, that Yang and Huang-® have recorded the occur- 
rence of comuilsions as well as arterial hypertension in the "wet" 
form of beriberi. Cowgill and his associates®^ have shown that the 
need for vitamin B increases with elevation of the metabolism. 
Since the basal metabolic rate is raised about 20% in pregnancy, 
considerably more vitamin B is probably- required by pregnant 
women. Hence a deficiency of this factor may easily occur in 
pregnancy. 

There is evidence to suggest that hemoglobin regeneration fol- 
lowing the administration of iron is slower in pregnant than in non- 
pregnant patients wnth hjqDocliromic anemia.^ One would expect 


180 

0 

1 

0 160 
f 

r 

1 140 

lU 

oe 

to 

liJ 

£ »oo 

o 80 
o 

<n 60 


flB 

VC 

■ 

□ 

oo 

oa 


1 

1 


■ 

■ 

■ 

a 

■ 

a 

* 

□ 

D 

O 

WEEKS 

0 

I 

2 


Chart VII. — Arterial blood pressures in successive weeks of 5 women with non- 
convulsive toxemia of pregnancy recei\’ing a low-protein diet. The solid squares 
represent the systolic blood pressure, the open squares, the diastolic blood pressure. 

similarly that regeneration of plasma protein would be slower in 
pregnant women because of the constant demands of the fetus. 

The iveight changes of the 15 patients receimng the high-protein 
diet may be ascribed to any number of factors, such as rest in the 
hospital, or an increased nitrogen excretion resulting in diuresis. 
However, the failure of the control group to show changes of a 
similar ma:gnitude suggests that the rest obtained is but a minor 
factor. Whether the patients who received the high-protein diet 
and injections benefited because of the protein content of the 
diet or because of receiving accessory food factors or both, cannot 
be determined at present. 

The role of tissue resistance, lymph flow, and capillary permea- 
bility in edema formation in pregnancy has not been touched upon 
because of the paucity of our loiowledge of these factors. The one 
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pertinent study®^ which has been made of edema fluid in toxemias 
of pregnancy has shown its protein content to be low^ suggesting 
that there is no abnormal alteration of capillary permeability such 
as exists in certain other tj’pes of edema. 

Because the arterial blood pressure is subject to spontaneous 
fluctuations both in normal and hj^pertensive subjects, and because 
rest frequently lowers both systolic and diastolic levels, no conclu- 
sions should be drawn from the fact that there was a lowering of the 
arterial blood pressure in each of the 15 women treated with the 
high-protein diet. It should be noted that this also occurred in 2 
of the 6 patients receiving the low-protein diet. 

The observations recorded in this paper fail to substantiate the 
prevalent belief that patients mth toxemia of pregnancy should 
be treated by means of a restricted protein intake. It must be 
remembered, however, that none of these patients had either albu- 
minuria or arterial hjq)ertension during the first half of pregnancy. 
Approximately 5 of every 6 patients diagnosed as having toxemia of 
pregnancy in our pre-natal clinic were excluded from this study 
because there was no satisfactory evidence that the blood pressure 
was normal and the urine free of albumin during the early months 
of pregnancy. It might be added that a few observations, not 
recorded here, fail to show that any harm results from the use of 
high-protein diets in pregnant women with pre-existing arterial 
hypertension or albuminuria, or does such a diet appear to have 
any beneficial effect on such women. 

Summary. 1. In 20 cases of non-convulsive toxemia of preg- 
nancy the average osmotic pressure of the plasma proteins was 
215 mm. of water, in 10 cases of eclampsia it was 175 mm. of water 
and in 20 normal pregnant women with adequate diets it was 
258 mm. of water. In 15 normal pregnant women who had par- 
taken of diets low in protein the average osmotic pressure of the 
plasma proteins was 232 mm. of water. 

2. The average venous pressure in 20 normal pregnant women 
during the last 2 months of pregnancy was 10 cm. of water (range 
3 to 18 cm.) and in 20 patients with non-convulsive toxemia of 
pregnancy 13.3 cm. (range 8 to 20.5 cm.), values which are at least 
twice as high as average figures for normal non-pregnant subjects. 

3. The dietary histories of 20 toxemic pregnant women showed 
a low-protein intake, probably less than 50 gm. per day, frequently 
over a period of years. 

4. Fifteen women suffering from toxemia of pregnancy were 
treated by means of a diet containing 260 gm. of protein, 150 gm. 
of carbohydrate and 70 gm. of fat. Ten also received parenteral 
injections of a vitamin Bi, concentrate and Solution Liver Extract— 
Lilly (N.N.R.), the latter because of its content of the pellagra- 
preventative portion of the vitamin B complex. Each of the 15 
women showed a loss of weight readily attributable to decrease of 
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occult or gross edema, together with a gradual disappearance of the 
signs and symptoms of toxemia. No fetal mortality occurred after 
treatment had been instituted. 

5. Five similar pregnant women suffering from toxemia were 
treated by means of a diet of approximately equal caloric value 
containing 20 gm. of protein, 400 gm. of carbohydrate, and 65 gm. 
of fat. No significant loss of gross or occult edema occurred. Two 
of the patients became decidedly worse during a period of 2 weeks. 

6. It is believed that a manifestation of toxemia of pregnancy 
is water retention. This water retention probably occurs as a result, 
among other factors, of a lowered osmotic pressure of the plasma 
proteins, usually in the presence of an increased venous pressure. 
The results recorded in this paper suggest that a restricted dietary 
intake of protein in pregnancy is harmful, and that no injurious con- 
sequences follow the administration of high-protein diets to women 
with toxemia of pregnancy. The beneficial results observed in these 
patients may well have been due to the large protein intake and to 
the parenteral administration of accessory nutritional factors. 

The -writer is indebted to Miss Margaret Adams and Dr. F. H. L. Taylor for carry- 
ing out the chemical determinations reported in this paper. 
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ERYTHEMA ANNULARE RHEUMATICUM. 

By Arthur F. Abt, M.D., 

ASSOCIATE IN PEDIATKICS, NOBTHWESTEBN UNIVEESITY MEDICAL SCHOOL, 

CHICAGO, ILL. 

(From the Department of Pediatrics, Northwestern University Medical School, and 
the Cardiac Diidsion of the Spaulding School for Crippled Children, under 
the auspices of the Chicago Board of Education and the Chicago Heart 

Association.) \ 

In 1922 Lehndorff and Leinerd under the title “Erythema 
Annulare” published an account of a tjipical exanthem occurring 
during the course of rheumatic endocarditis. Lehndorff,^ in 1930, 
again described “Erythema Annulare Rheumaticum” and empha- 
sized the fact that it occurs only in rheumatic children with endo- 
cardial involvement. While making the rounds at the Mautner- 
Marldiof Kinderspital in Vienna in 1925, the late Professor Leiner 
demonstrated this rash to me in a child vdth rheumatic endocarditis. 
Since then I have had the opportunity of following a group of 
children suffering with rheumatic endocarditis at the Spaulding 
School for Crippled Children, and during the course of my examina- 
tions I have noted this distinctive rash in 6 children. The following 
cases may be cited: 



ABT: ERYTIIEiMA ^YNNULARE RHETBIATICUM 


825 


Case Abstracts. Case 1.— T. J., a 14-yeai-old boj', bad frequent 
attacks of tonsillitis. After an attack of scarlet fever at the age of_7 j^ears, 
he developed an arthritis vdiich was followed by mitral endocarditis. Two 
sisters have had rheumatic fever and rheumatic endocarditis. At the time 
of examination for admission to the Spaulding School, November 6, 1931, 
it was stated that he had had frequent attaclvs of epistaxis for a year, and 
that the eruption appeared frequently on his chest, abdomen and back, 
especially when he did not feel well. The patient had been followed at the 
IlUnois Research Hospital by Dr. Gustav Weinfeld and was referred bj' 
by Irim to the Spaulding School. The child was fairly well developed, skin 
was somewhat pale, tonsUs had been removed, throat was clear, heart 
showed moderate enlargement to the left, there was no diffusion of the apex, 
and no precordial bulge. There was no thrill. A presystolic, systolic mur- 
mur, best heard at the apex, was transmitted to the axilla and to the base. 
Pulmonary second sound was accentuated, and the aortic second sound 
was clear. There was no clubbing of the finger nails. An annular eiythema, 
consisting of narrow rings 1 to 1.5 cm. in diameter, of a pale pirdv color, 
was noted on the chest, abdomen, and to some extent on the back. The 
rash was of a macular character and the skin was free from edema, hemor- 
rhage, or itching. The patient was unaware of the rash, except when he 
looked at his slan and noted its occurrence. On questioning the mother 
and the boy, the fact was brought out that whenever he did not feel up to 
standard or had a 'cold vdth fever, the rash occurred more prommentb’' 
and lasted for some days. On Roentgen ray examination, a teleoroentgeno- 
gram at 6 feet distance revealed a moderate enlargement to the left vdth a 
mitral contour of the left heart border. The electrocardiogram showed a 
rate of 96 with a P-R complex of 0.16 seconds. There was a sinus rhythm 
with a slurring of the Q-R-S complex in I, II and III. T III was isoelectric.- 
There was a left axis de\dation. The systolic blood pressure was 128, dias-' 
tolic 70. The red blood count was 6.1 million, hemoglobin (TaUqvist) 
was 85%; white blood cells, 7550. 

Progress at School. The boy has attended school fairly regularly and 
has been well with the exception of occasional upper respiratory infection. 
At times when he has a slight temperature elevation or a cold the school 
nurse reports that the annular erj'thema noted at the first examination 
reappears on his chest and abdomen. (Fig. 1.) 

Case 2. — J. D., aged 14, was referred from tlie Municipal Tuberculosis 
Dispensary, and examined for admission to the Spaulding School January 3, 
1933. At 10 the patient had an attack of acute rheumatic fever with eleva- 
tion of temperature and swollen and painful joints of the shoulders, hands, 
knees and anldes. Subsequent to this attack the child was examined by a 
physician and the mother was told that he had heart disease. A similar 
attack of rheumatic fever was experienced in October, 1932, though of a 
shorter duration. The child had had frequent attacks of tonsillitis, thougli 
there was no historj' of any contagious disease. Two siblings were li\dng 
and well. The patient was a tliin, poorly nourished boy, and rather pale. 
There was no cyanosis. The throat was clear, the tonsils h3q5ertrophied and 
crj'ptic. The heart was markedlj’’ enlarged downward to the left. The 
apex beat was diffuse in the fifth and sixth left interspaces outside of the 
midclawcular line. The precordium was bulging and there was a definite 
heave at the back systole. There was no thrill. There was a ]>res.vstolic, 
sj'stolic murmur at the apex transmitted to the axilla, and a chastolic 
murmur over the aortic area transmitted to the third intcrsiiace to the left 
of the sternum. The second pulmonic sound was poorh' transmitted. The 
heart rhj'thm was regular, and a Corrigan pulse was noted. At the time 
of the examination the child had a definite nasopharj'iigitis, with a temper- 
ature of 99.0° F. An annular er\4hema of bluish-pink color and macular 
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in nature was noted over the lower abdomen from the level of the umbilicus 
to the sjunphysis pubis. The rash consisted of narrow rings about 1 cm. 
in diameter, some of wliich formed circles, others were serpentine or cres- 
centic in form. 

Progress. Tlie boy attended school irregularly until the fall of 1933 
when he was taken ill vuth another attack of rheumatic fever. Following 
tliis he developed a decompensated heart, was hospitalized for several 
months and died at home in February, 1934. Autopsy could not be ob- 
tained. 



Pig. 1. — (Case 1.) Erythema annulare rheumaticum, as noted in a 14-year-old 
boy suffering -with rheumatic endocarditis. 


Case 3. — M. H., a 12-year-old girl, was referred to the Spaulding School 
b}^ the County doctor. She was examined on November 22, 1933, for 
admission. She had scarlet fever (1921), measles (1927), diphtheria and 
mumps (1929) and whooping cough (1930); also occasional attacks of 
tonsillitis. In December, 1930, she had an attack of rheumatic fever, at 
which time she was con&ied to bed for 2 weeks vith fever and swollen 
joints. In April, 1931, she was seen at the Northwestern University Dis- 
pensar}’^, complaining of joint pains. At this time she was sent to Wesley 
Hospital, where she was confined for 7 weeks. Two siblings are living and 
well. IVom time to time, the mother states, nodules have appeared on the 
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child’s elbows, Ynists and feet. Physical examination at the tune of apph- • 
cation for admission to the Spaulding School, showed a tall, thm, red- 
haired girl with a mitral facies. Her tonsils were rather large and cryptic. 
Her heart was somewhat enlarged to the left and the right border was at 
the sternal margin. The apex beat was diffuse, no thrill was noted. A 
presystolic, systoUc murmur was heard at the apex and transmitted to the 
axilla. The aortic second sound was clear and the pulmonic second soimd 
was markedly accentuated. Blood pressure was 134 systolic, SO diastolic. , 
There was no clubbing of the fingers and no rheumatic nodules were_ noted 
at the time of examination. At the time of this examination the skin was 

Progress at School. February 6, 1934, the child was reexamined because 
she had been out of school for 1 week with a cold. At this time an annular 
erythema, consisting of a macular, pink rash was noted over her thorax, 
made up of rings from 1 to 2 cm. in diameter. The physical examination 
was essentially similar to that recorded above. 

Case 4. — E. S., was admitted to the Spaulding School on September 11, 
1931, aged 11 years. He had measles, scarlet fever, and diphtheria in 1924, 
and had been confined to the City Contagious Diseases Hospital. In 1927, 
he had an attack of acute rheumatic fever, following which his tonsils had 
been removed. He was a rather thin boy of 11, throat clear, tonsils removed. 
His heart was moderately enlarged to the left, the rhythm was regular, 
there was a systolic, presj'^stolic murmur at the apex, transmitted to the 
axilla. No thrill. The aortic second sound was clear, puhnonic second 
sound accentuated. Red blood cells, 4,950,000; hemoglobin, 85% (Tall- 
qvist) ; white blood count, 7150. The Roentgen ray teleoroentgenogram 
showed moderately enlarged heart with a prominence in the left auricular 
region, suggesting the contour of a mitral lesion. The electrocardiogram 
showed a rate of 96, P-R interval 0.16 with normal rhythm; Q-R-S was 
slurred and widened in aU leads; T I diphasic and a left axis deviation. 

Progress. Attended school fairly regularly, though in February and 
March of 1933 he was confined to his home with an attack of acute rheuma- 
tism, at which time he had fever and swollen joints. On February 16, 1934 
he was examined after an absence from school because of a cold. This 
examination was essentially the same as that on admission, with the excep- 
tion that he was quite thin and pale. There was a diffusion of the apex 
beat, a marked bulging and heaving of the precordium. The rhytlmi was 
regular. Slight clubbing of the finger nails was noted. No rheumatic 
nodules. Over the skin of the chest and back there was a diffuse anmilor 
er3dhematous eruption, consisting of pink macular rings 1 to 2 cm. in 
diameter. 

Case 5.— R. N., admitted to the Spaulding School on March 8, 1935, 
aged 8, complained of shortness of breath on exertion. He had an attack 
of acute rheumatic fever in October, 1934, following which it was noted 
he had heart trouble. On physical examination it was noted that the patient 
rather pale, the heart rate was vapid and the apex 
shghtly outside of the midclavicular line. Presystolic, systolic murmur 
at the apex transmitted to the axilla, second pulmonic sound accentuated. 

annular erythematous rash was noted over the lower portion of the 
c lest and the upper part of the abdomen. The lesions were circular and 
macular m nature. The rings were 1 to IJ cm. in diameter, and the skin 

was free from edema or hemorrhage. 

^.14-year-old boy, complains of shortness of breath and 

amtmg spells; atoitted to the Spaulding School on March 8, 1935. In 
^^^,SQ-called growing pains. Tonsillectomy in 1929; 
pneumonia in January, 1935, at which time his 
heart trouble was discovered. Rather thin, small, pale boy. Apex beat is 
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diffuse. There is a slight precordial bulge with a heave, no tlirill, heart 
is enlarged to the left, out and down, with slight enlargement to the right. 
Presystolic, systolic murmur at the apex which is transmitted to the axilla 
and to the base. Pulmonic second sound accentuated, the aortic second 
sound is normal. An annular erythematous rash is noted on the chest 
and abdomen and extends around the flanlcs and over the lower back. 
Small erythematous circles are also noted in the cubital spaces and along 
the flexor surfaces of the forearms. The rings are macular in nature and 
measure from 1 to 2 cm. in diameter. The mother states that she has 
noticed this rash when the boy felt poorly or had a cold. 

Discussion. Since the publication of the description of erythema 
annulare rheumaticum by Lehndorff and Leiner (1922) it wmuld 
seem of interest to examine the literature both before and after 
their description of this specific skin rash to note its observance by 
other authors. If we examine Cheadle’s^ classic monograph “The 
Various Manifestations of the Rheumatic State” (1889) we note 
as a frontispiece a colored print sketched from life, depicting a 
posterior view of the head and back of a child, showing large sub- 
cutaneous nodules on the occipital region of the head, along the 
spine, over the wings of the scapulae and over the posterior iliac 
crests. Besides these nodules we note annular skin lesions which in 
the picture appear similar to erythema annulare rheumaticum, and 
■which Cheadle terms erythema marginatum (Fig. 2). On page 46 
of this treatise, he states ; “The connection of erjdhema exudati-vum 
with the rheumatic state appears much more clearly in the case of 
children than of adults. With the latter it occurs occasionally; 
with children, according to my experience, it is common.” Accord- 
ing to Cheadle, the skin manifestations of rheumatic fever appear 
in various forms, either as erythema marginatum, as erythema 
papulatum, as erythema nodosum, or as urticaria. The erythema 
marginatum, according to Cheadle, is the most common type found. 
The following from Cheadle agrees with the precepts of Lehndorff 
and Leiner. “These varieties (speaking of the above named skin 
lesions) are not infrequently associated Avith endocarditis and peri- 
carditis in the most serious cases.” 

Poynton and Paine^ in their “Researches on Rheumatism” (1914), 
in discussing the' cutaneous manifestations of rheumatic fever, note 
that “In the generalized cases the eruption is often multiform, and 
in some areas it may be by no means unlike a tinea circinata or 
erythema iris.” They make no further note as to its association 
with endocarditis or the specificity of the lesion. 

William Osier, ^ notes that in the erythema group of skin diseases 
cardiac symptoms rarely occurred and that acute endocarditis was 
a rare complication. Only 3 cases in Osier’s series had heart mur- 
murs, and he states that in none of his patients was it likely that 
endocarditis existed. 

If we examine the more recent literature we note that Leichten- 
tritt,®in 1930, recognizes the specific skin lesion, erythema aimulare 
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rheumatiicuin, and substantiates the findings of Lehndorff and Leiner 
that it occurs in association with endocarditis. He points out that 
the occurrence of this lesion is an unfavorable prognostic sign. He 
feels that even though there be no apparent signs or symptoms, the 
occurrence of this lesion indicates the persistence of rheumatic 
infection. 

Hans Hietschel,^ includes a brief statement concerning erythema 
annulare rheumaticum and notes that the exanthem has been 



Fig. 2. — Reproduction of frontispiece from Cheadle’s “The Various Manifesta- 
tions of the Rheumatic State” 1889, shomng annular rash associated with rheumatic 
endocarditis, which is termed ‘‘Erythema Marginatum.” 


observed only in endocarditis rheumatica and not in ulcerative 
endocarditis or subacute bacterial endocarditis. 

Poynton and Schlesinger® (1931), devote very little space in their 
monograph to the subject of the skin manifestations in rheumatism. 
They make no mention of erythema annulare rheumaticum. 

Wilfred Sheldon® notes the following: “Erythema Marginatum. 
This is a characteristic eruption of rheumatism. It appears as 
numerous slightly raised red streaks which are generally circular. 
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covering an area about as large as a shilling, or they may coalesce, 
and then have an irregular wavy outline. The rash occurs princi-- 
pally on the trunk, both back and front, and may also appear on 
the limbs. It does not itch., It comes out quickly within a few 
hours, and may be evanescent, or may persist for several days with 
constantly changing shape. It is likely to recur, and in the author’s 
experience it has always been associated vdth evidence of cardiac 
rheumatism.” 

H. F. Swift“ states: “The cutaneous manifestations of rheumatic 
fever consist of various exudative dermatoses, but none is abso- 
lutely typical of the disease, as similar rashes are seen in other infec- 
tions and apparently as independent conditions. Various types 
of erj'thema multiforme are the most common; often the rash 
starts as flat papules, rapidly increasing in size, and clearing in the 
centers; finally the migrator^’’ borders of several lesions fuse into 
an extensive marginate erjdhema. Frequently the evolution and 
resolution occur within a few hours. Often such rashes recur for 
weeks or months. They commonly do not itch, hence may be 
easily overlooked. Occasionally purpura is seen.” 

Griffith and hlitchelfl^ (1933) write: “Erythema of various sorts 
is prone to occur, and sometimes purpura, often associated with the 
arthritis. Purpura rheumatica, so-called, probably has no direct 
connection vdth rheumatism.” 

P. Bertoge^^ (1934) makes but a brief mention -of erythema 
annulare rheumaticum, as described by Lehndorff and Leiner. 

Ingerman and Wilson,^® in 1924, reported that in 8% of their 
cases they obsei^’^ed erjdhema, urticaria and herpes zoster. “To 
what extent these were actually rheumatic manifestations or only 
associated conditions in rheumatic subjects, is difficult to determine.” 

In a recent article on the cutaneous lesions in rheumatic fever 
Chester and Schwartz^'* (1934) describe lesions mainly on the lat- 
eral surface of the legs and on the extensor surface of the forearms. 
They were rarely seen on the trunk. The lesion was described as 
consisting of maculopapular purpuric spots, which persisted from 
1 to 6 months. The authors further state that the appearance of 
cutaneous lesions in children who have already had rheumatic 
fever should be regarded as a manifestation of reactivity. They 
report 9 cases in which these lesions were observed. In all their 
patients it is noted that a rheumatic endocarditis existed. Strangely 
enough, in their re\dew of the cutaneous manifestations of rheumatic 
fever, they make no mention of the erythema annulare rheumaticum 
described by Lehndorff and Leiner. In a search through the various 
treatises on diseases of the skin in skin atlases, no reference can be 
found to this erythema. 

Ormsby'^® states: “The term erjdhema annulare or circinatum 
is used to designate the lesions having a depressed center and an 
er 5 d;hematous margin forming a ring. Occasionally these rings are 
arranged concentrically. 
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“When several rings coalesce by peripheral extension gyrate 
figures are formed and this is termed erythema figuratum. Ery- 
thema marginatum indicates a form in which a distinctly elevated 
and well defined marginal band is left as the sequel of the erythema- 
tous patch. Erjdhema papulatum or papulosum and erythezna 
tuberculatum or tuberculosum refer to that type of the disorder 
in Avhich the lesions are papular or nodular.” 

The various plates in Jacobi V® “Atlas of Dermochromes” under 
the heading of erythemas, have not the slightest similarity to ery- 
thema annulare rheumaticum. 

Lehndor If ^ has included erythema annulare rheumaticum as a Sub- 
head under “Die Erythcmkrankheiten des Kindesalters.” 

Summary. Erythema annulare rheumaticum (Lehndorff-Leiner) 
is a specific exanthem associated only with rheumatic endocarditis. 
The lesions are pale red or bluish-red, semicircles or rings which 
on first appearance may be from 2 to 4 mm. in diameter and which 
may develop into rings of 1 to 3 cm. in diameter. The lesions are 
found on the chest, over the abdomen, on the sides of the thorax, 
and on the back. They are rarely seen on the extremities and never 
on the face or mucous membranes. The lesions are never papular 
but ahvays macular. There is no itching, edema or hemorrhage 
associated with them. They disappear without scaling or pigmenta- 
tion, 

Lehndorfi' estimates that erythema annulare rheumaticum occurs 
in about two-thirds of all cases of rheumatic endocarditis in children. 
Because of its transitory nature it is often overlooked. The rash 
is not associated with septic or ulcerative endocarditis or endo- 
carditis lenta, and does not occur in other types of arthritis. It 
never occurs at the onset of an attack of acute rheumatic fever 
and only appears following the endocardial involvement. In fact, 
it so constantly indicates the persistence of a rheumatic infection 
in. association with a cardiac involvement that it has been said 
rheumatic endocarditis may be diagnosed by merely seeing this 
rash on the skin. Its prognostic value, in my experience, is varied. 
In the 1 fatal case here reported it was an ominous sign. In the 
other 5 children the rash has been noted after illnesses varying from 
slight colds without febrile reaction, to recurrent attacks of rheu- 
matism with fever. 

^ In the group of children under my observation at the Spaulding 
School, I have noted this rash more frequently than I have been 
able to demonstrate subcutaneous nodules. The exact nature of 
the ra.sh is as yet unknown. No one has as yet established a rela- , 
tionship between this rash and the tuberculin reaction, or the dem- 
onstration of tubercle bacilli by gastric lavage, as has been done in 
erythema nodosum. 

Lowenstein and Reitter'® have demonstrated a tuberculous 
bacillemia in cases of rheumatic endocarditis with erythema annulare 
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rheumaticum in Professor Knopfelmacher’s Clinic in Vienna. To 
date, this finding has not been definitely accepted as evidence of the 
tuberculous nature of rheumatic fever, and therefore, its significance 
vdth regard to rheumatism and the rash must be held in abeyance. 

The only reported histologic examination of the skin in a case of 
erythema annulare rheumaticum, is the one of Carol and Van 
Krieken.^® They excised a small area of skin from the abdomen of 
a 7-year-old girl v'ho was sick with an acute rheumatic fever and 
an associated rheumatic endocarditis. The child showed the typical 
erythema annulare rheumaticum described by Lehndorff and Leiner, 
the rash being most marked upon the abdomen. The exanthem was 
present at intervals for 12 weeks. The sections of ,the skin from 
this case showed on histologic examination, an aeute inflammatory 
process of the outer and intermediate portions of the cutis, consisting 
nearly entirely of an infiltration of neutrophils. The authors state 
that this finding differs histologically from the sections of skin 
examined in cases of urticaria, annulare and erythema exudathmm 
multiforme Hebree. 

Finally it may be concluded that erythema annulare rheumaticum 
is exclusively associated with rheumatic endocarditis and its appear- 
ance has been noted only in assoeiation vdth such cases. The occur- 
rence of this rash in children suffering with rheumatic endocarditis, 
as is the case with other cutaneous lesions found in this disease, 
may be considered as e^'ide^ce of either the persistence of an active 
rheumatic endocarditis or as a sign of reactivation of the disease. 
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SUBCUTANEOUS FATTY NODES IN THE SACROILIAC AREA. 

By Charles J. Sutro, M.D., 

BROWN orthopedic research fellow, in the hospital for joint diseases, 

NEW YORK city. 

(From the Hospital for Joint Diseases, Laboratory Division.) 


Of a group of 170 imselected hospital patients, suffering from 
various complaints, subcutaneous nodes were palpated in the sacro- 
iliac regions in 94 cases. In 45 of them the nodes were present uni- 
laterally; in 49 others they were present bilaterally. The patients 
varied in age from 2 to 60 years. While the nodules were noted in 
thin persons, the incidence in stout women past middle age was 
generally highest; The nodes could be palpated over the sites of 
the sacroiliac joints; less often thej'’ were also present over or near 
the tips of the lumbar spinous processes (Fig. 1). The nature and 
character of these nodes were considered worthy of investigation. 
Since 33 of these patients had low back pains (muscular-skeletal in 
origin) a correlation was sought between the presence of the nodules 
and these pains. This was deemed especially appropriate since 
Stockman contends that inflammatory changes in the subcutaneous 
fat may be the cause of some of the symptoms referred to muscles 
or joints.^ Of the 33 cases with loAV back pain, 16 had tender sub- 
cutaneous nodules in the sacroiliac area, while in 7 others the 
nodules were not tender. 

In 4 cases the nodules were removed in order to ascertain their 
more intimate nature by gross and microscopic examination. 

Case Reports. Case 1 (Admission No. D1038). — The patient was a 
woman, aged 50, who complained of severe pains in both lower loins of 
several months’ duration. Occasionally the pains radiated down the pos- 
terior aspect of the right leg. Apart from the pain described, the historj’’ 
presented nothing remarkable. Clinical examination revealed tenderness 
over the right posterior inferior spine of the ilium (an anatomic landmark 
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for the location of the right sacroiliac joint). Fonv'ard bending of the 
trunk "vras slightly’- linuted. No hamstring spasm was present in either 
lower extremity; neurologic examination was negative. Palpation of the 
sacroihac regions revealed bilateral groups of subcutaneous nodules. Each 
side presented clumps of 6 to 8 nodes. They were freely movable under 
the skm and varied in size from a pea to an almond. The nodes were of 
the consistencs’’ of soft rubber. Those on the right side were very much 
rnore fender than those on the left. Roentgenogram of the pehic bones 
showed arthritic changes in the sacroiliac joints. Over a period of 4 
months the patient received diatherm 3 % baking and local massage; improve- 
ment was negligible. 



Fig. 1. — Note the location of the subcutaneous nodes. 


Clinicall}'^ the diagnoses considered were lipomas, neurolipomas, pecu- 
liarl 3 ’’ located rheumatoid nodules, and the so-called myogehses. The latter 
are indurations of voluntar 3 ^ muscles. Lange believes them to be the 
result of local chemical disturbances.- At operation the nodules were found 
situated (on the right side) on the lower portion of the sacrum near the 
ilium. A group of 6 nodes was removed from this area. The 3 ’’ were com- 
posed of lobules of fat, each covered with a thin capsule. Both on gross 
and microscopic examination, their appearance was that of normal adipose 
tissue. No indications of inflammator 3 ' changes were present. Appropriate 
stains for nerve tissue showed nothing additional. 

Soon after the operation the patient stated her complete relief from all 
premous s 3 mptoms. She was last seen 3 months after the operation, but 
did not return for additional treatment. No adequate reason for the dis- 
appearance of her complaint can be deduced on the basis of the tissue 
examination. It is hard to conceive what relationship these nodes could 
have borne to the low back pains. 

In an effort to elucidate the concept proposed b}- Stockman that 
inBammatory changes in the subcutaneous fat could be a cause of 



SUTRO; SUBCUTANEOUS FATTY NODES IN SACROILIAC AREA 835 

low back pain, it was decided 'to remove nodes from patients with 
obvious foci of infection. 

Case 2 (Admission No. 44950).— The patient, a male, aged 26, has had 
tuberculosis of the left astragalus for 3 years. In addition to this, clinical 
examination revealed the presence, bilaterally, of firm, pea-sized subcu- 
taneous nodules over the sacroiliac areas. Low back pain was not present, 
nor was there any previous history of this complaint; the nodules were 
tender on palpation. 

A subastragaloid arthrodesis was performed. At the same time, a cluster 
of small nodules was removed from over the left sacroiliac joint. They 
were composed of adipose tissue, enclosed in delicate capsules. Micro- 
scopic examination merely confirmed the gross findings; no evidence of 
either recent or prewous inflammation was disclosed; the thin capsules 
showed the presence of small arterioles. 



Fig. 2. — Photograph of the subcutaneo-us nodules removed from the sacroiliac area. 
They consist of lobules of adipose tissue. 


Case 3 (Admission No. 49221).— The patient, male, aged 42, complained 
of low back pain of 8 years’ duration. V^arious therapeutic measures gave 
no relief. Clinical examination revealed limitation of forward and lateral 
movement of the trunk. _ Neurologic examination was negative. Stumps 
of tonsillar tissue were infected, and advanced pyorrhea alveolaris was 
present. Several small subcutaneous nodes could be palpated about 
3 inches to the left of the third lumbar spinous process. Although freely 
movable under the skin, they appeared to be attached to the lumbar fascia. 
The tenderness in the lumbar and sacroiliac regions was concentrated over 
the nodes. Roentgenograms of the bones showed arthritic changes in the 
sacroiliac and lumbar joints. 

With a view toward correlating the subcutaneous nodes and the infected 
tonsils, the nodes were removed. .They, too, were found composed of 
lobules of fat enclosed in thin capsules. The histologic examination showed 
normal adult fat and a complete absence of any inflammatory changes. 
The tonsillar stumps were removed one week later. The low back pain 
still persisted, however, but the area previously tender on palpation was 
so no longer. 

It was further decided to remove nodes from a case which had 
received no previous local physiotherapy. 

Case 4 (Admission No. D9753). — The patient, a colored woman, aged 29, 
complained of pain, recent in origin, in the sacroiliac regions, especially 
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the left. Except for a history of repeated sore throat, her anamnesis pre- 
sents nothing remarkable. Clinical examination revealed slight limitation 
of the mobility of the trunk; there was no hamstring spasm; neurologic 
exa min ation was negative. Tenderness was elicited on palpation of the 
left sacroiUac region. On less Augorous palpatory examination, groups of 
subcutaneous nodes could be distinguished bilaterally. Those in the region 
of the left sacroihac joint were markedl 5 ’^ tender. Radiographic examination 
of the pehds disclosed arthritic changes in the joints. The patient had 
had no ph 3 '^siotherap 5 \ 



Fig. 3. — Photomicrograph shows the subcutaneous nodes to be normal adipose 
tissue covered by vascular capsules (X 100). 

The nodes on the left side were removed under local anesthesia. On 
ex]30sure thej’’ were found Ijdng over the distal third of the sacrum close 
to the posterior inferior spine of the ilium. Thej'' were composed of fat 
and were encapsulated bj"" connective tissue (Fig. 2). The microscopic 
examination confirmed the gross findings, the fat being normal adult fatty 
tissue and presented no inflammatorj’’ changes (Fig. 3). The clinical 
complaint did not subside after the operation. 

Discussion. As is evident from the pathologic eNamination of 
the subcutaneous nodules removed from the sacroiliac regions of 
several patients, such nodules are composed of lobules of adult fat. 
The fatty tissue evidences no abnormality, nor is there any indica- 
tion of inflammation or other evidence that could relate their origin 
to metabolic or toxic disturbance.® It would seem that the afore- 
mentioned subcutaneous nodules are probablj’’ protective or buffer 
pads over some of the poorty muscle-covered areas of the sacmm 
and ilium. Their occurrence is not associated with any recognized 
disease process, and thej' maj* be found in apparentlj'^ normal 

persons. .... 

Tenderness, often of exquisite degree, over the sacroiliac jomts 
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may be attributed to the mere presence of these subcutaneous fat 
nodules and not to intrinsic disease in the joints. Of course, in 
Dercum’s disease, lipomas may exist in the sacroiliac regions and 
cause intense pains of a neurogenic basis. The presence of addi- 
tional large symmetrical fatty tumors in other parts of the body 
(m Dercum's disease) helps in differential diagnosis. The subcu- 
taneous nodes discussed in this communication, are wholly different 
from those of rheumatic fever, rheumatoid arthritis, sj^ihilis, and 
so forth.^ 

The author is indebted to Dr. H. L. Jaffe for many helpful suggestions and to 
Doctors Finkelstein and Frauenthal for permission to operate on these 4 patients. 
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BOOK EEVIEAVS AND NOTICES 


Gynecological and Obstetbical Tuberculosis. By Edwin INI. Jajie- 
SON, B.S., M.D., Fellow of Trudeau Foundation; Attending Surgeon, 
Saranac Lake General and Reception Hospitals. Pp. 256; 31 illustrations. 
Philadelphia; Lea & Febiger, 1935. Price, S3.50. 

Dr. J^ieson has divided his presentation of this somewhat neglected 
subject into three main parts, namely: the influence of pulmonaiy tuber- 
culosis upon the genital physiology, the infections of the genital organs and 
peritoneum, and the problem of pregnancy in a tuberculous woman. The 
personal experiences of the Saranac group are incorporated in tlie study, 
together with a review and comparison of the ideas and results of other 
authors. The bibliography is unusually comprehensive. A series of 
experiments dealing with the routes of infection of the genitalia in animals 
is described. The author believes the possibility of an ascending t 3 ’pe of 
infection must be taken into serious consideration. The need for pre- 
menstrual diagnostic curettage is emphasized. The use of Roentgen ray 
and radium treatment of pelvic tuberculosis is discussed. The section on 
pregnancy and tuberculosis reflects a conservative attitude toward the 
routine interruption of pregnancy, discusses the effects of collapse therapy, 
and other measures, and furnishes in the conclusions regarding treatment 
a set of excellent working rules for the physician who meets but an occa- 
sional instance of pregnancy and tuberculosis. The scope of the book, the 
well reasoned deductions, and the clarity of expression will serv^e to make 
this book widely read. P. W. 

Free Medical Care (Socialized Medicine). Compiled and Edited by 
E. C. Buehler, Director of Forensics, University of Kansas. Pp. 360. 
New York: Noble and Noble, Publishers, Inc., 1935. Price, S2.00. 

The most important non-professional question for medical men of our 
time is unquestionably that of socialized medicine and its associated prob- 
lems. Willy-nilly each physician must take his stand on the subject; but 
unfortunately many do so under a maximum influence of emotion and a 
minimum of knowledge of the available facts. Tliis book makes a worth- 
while effort to supply this want in an impartial wajL It should be valuable 
not only for the student debaters for whom it was primarily prepared, but 
also for the chronic debaters in organized medical societies and even for prac- 
titioners and medical students seeking unbiased information and arguments 
on both sides of tliis complex question. ' E. K. 


Modern Home Medical Adviser. Your Health and How to Preserve_ It. 
Edited by Morris Fishbbin, M.D., Editor, Journal American Medical 
Association, vith 23 Collaborators. Pp. 905; 140 illustrations, 4 in color. 
Garden Citj'- N. Y.: Doubleday, Doran & Go., Inc., 1935. Price, 89.50 
(bound in fabrikoid) . 

Here is the old “medical book,” ivell knoivn in most homes of a few 
decades ago, brought thoroughly up to date. Not like its forerunners, 
given to suggest self-diagnosis and self-treatment to the lajnnan, it is 
“planned to answer questions concerning all the common, and even some 
of the extraordinary, illnesses that may develop in any family . . . planned 
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also as an adequate guide to hygiene and first aid.” The 33 chapters also 
cover such topics as Choice of a Phj^sician, Sex Hygiene, Care of Mother 
Before and After Childbirth, The Hazards of Industpq Advice on the 
Diet, Nervous and Mental Disorders, Old Age. In addition to Dr. Fishbein 
there are 23 contributors, eminently qualified to handle their particular 
subjects, and including such 'weil-knovm authorities as Elliott P. Joshn, 
Russell M. Wilder and Francis Carter Wood. Physicians MU welcome 
this book, nuitten in language that anjmne can understand, as one they 
can heartity recommend to aU lajnnen. Minor query: why not state the 
degree of magnification used m the picture of the Black Widow Spider 
(Lairodectus misspeUed in text)? R. K. 


The Problem of Mental Disorder. A Study Undertaken by the Com- 
mittee on Psychiatric Investigations, National Research Council. Mem- 
bers of the Committee; Madison Bentley, Chairman, Sage Professor 
of Psychology, Cornell University, and E. V. Coitory, Professor of 
Cytology, Washington University. Pp. 388. New York: McGraw- 
Hill Book Company, Inc., 1934. Price, $4.00. 

This volume was made possible through a grant of the Carnegie Founda- 
tion and through the excellent editorship of Professors Bentley and Cowdry 
—neither a psycliiatrist, but both pure scientists, first-rank psychologist 
and cytologist respectively, and both well able to speak of ps^Miiatry and 
its supportive sciences. It is these latter for which the bulk of this book 
is reserved. The first section, “The Character of the Problem,” is a well 
written statement of the status of present-day psychiatry in aU its manifold 
aspects, and of the suggested outlines of methods for sohung its problems. 
Section Two, “Current Points of View,” is an ex]50sition of contemporary 
viewpoints of psychiatric thought, each propounded by an eminent repre- 
sentative; namely, C. MacFie CainpbeU (“Clinical”), A, Mey’-erson (“Med- 
ical”), I. S. Wechsler (“Neurological”), A. Meyer (“Psychobiological”), 
and L. S. Kubie (“Psychoanalylical”). Within Section Three, “ Supporting 
Sciences: Present-day Contributions and Future Research,” are compressed 
20 short contributions by investigators in the sciences, including anatomy, 
physiology, chemistry'', genetics, education, sociology and anthropology, etc. 
With the ambits of psychiatric theory’^ and research continuously’’ expanding, 
and ■with the anatomizing of related knowledge into even more complex 
secondary problems, such a critique does great service in brioging together 
the accumulated, un-wieldy mass of uncorrelated data into the semblance 
of an intelligible whole, and in providing some measure of comforting 
orientation in the midst of confusion. This book deserves a wide distri- 
bution. There is an adequate index. P. R. 


- An Outline of Immunity. By W. W. C. Topley, M.A., M.D., F.R.C.P., 
P.R.S., Professor of Bacteriolo^ and Immunology’ in the University 
of London. Pp. 415; 37 illustrations and 63 tables. Baltimore: William 
Wood & Co., 1933. Price, S6.00. 

The author intended this book for the medical student, believing that 
“ignorance of the present working hy’potheses of immunity’ means inability 
to form a sound judgment on many severely’ practical problems,” The 
subject matter reveals incisive and comprehensive tlu'nldng. So careful is 
the presentation and criticism of data that it will be of ser'^’ice to the life- 
long student of medicine who also practises it. The Reviewer wishes par- 
ticularly’ to commend the method of presentation. The first subject to be 
considered, and one too often neglected, is the nature and significance of 
the eHdence obtainable in this difficult field, and the necessity in many 



S40 


NEW BOOKS 


cases for the application of simple statistical methods in the criticism of 
results and the planning of experiments. Neglect of this has \dtiated 
many a series of experiments. Without such a criterion it may be impos- 
sible to evaluate the therapeutic usefulness of a serum where the effect is 
not dramatic. The history of the use of antipneumococcal serum is a case 
in point (pp. 366-369). About a hundred pages are devoted to a useful 
summary of methods of standardizing immunologic reagents and their use 
in the diagnosis, treatment and prevention of disease. The practitioner 
should note that the book appeared in 1933, and therefore, is not always 
up to date. Suggestive work on the streptococci in puerperal fever, for 
instance, has since been done (p. 111). D. S. 


A Synopsis of Regional Anatoaiy. By T. B. Johnston, M.B., Ch.B., 
Professor of Anatomy, University of London, Guy’s Hospital Medical 
School. Pp. 460; 11 illustrations. Tliird edition. Philadelphia: Lea & 
Febiger, 1935. Price, S4.50. 

This third edition represents little change from previous editions. The 
glossarj’- of the B.N.A. has been revised and is probably one of the most 
useful sections of the book. The anatomy is discussed by regions with no 
illustrations, except 11 line dravdngs of the anatomy of tlie central nervous 
sj'^stem. The book should be useful as a quick reference for students and 
practitioners. L. F. 


NEW BOOKS. 

Clinical Parasitology and Tropical Medicine. By Dajiaso deRivas, B.Sc. 
Biol., M.S., M.D., Ph.D., Professor of Parasitologj’- in the Graduate 
School of Medicine and Assistant Professor in the Department of Path- 
ology, University of Pennsylvania; Pathologist to the Pennsjdvania 
Department of Health, The Friends’ Hospital, and the Skin and Cancer 
Hospital, Philadelphia, etc. In Collaboration vdth Carlos T. dbRivas, 
B.A., M.D., Pathologist to the Santo Tomas Hospital, Panama, etc. 
Pp. 367; 144 illustrations and a colored plate. PhOadelphia: Lea & 
Febiger, 1935. Price, S5.00. 

Body Water. The Exchange of Fluids in Man. By John P. Peters, 
M.D., Professor of Internal Medicine, Yale University School of Medi- 
cine. Pp. 405; 5 illustrations and 15 tables. Springfield, Rh: Charles 
C Thomas, 1935. Price, S4.00. 

Modern Home Medical Adviser. Your Health and How to Preserve It. 
Edited bj'^ hlORRis Fishbein, M.D., with 23 Collaborators. Pp. 905; 
140 illustrations, 4 in colors. Garden Cit 3 ’', N. Y.: Doubleday, Doran 
& Co., Inc., 1935. Price, S9.50 (bound iu fabrikoid). (Review, p. 838.)' 
Beitrag zur Kenntnis des Ileum Terminale Fixalum und Ileus Ilei Terniinalis 
Fixati. Eine anatomische, Idinische und khnischstatistische Studie. 
(Vol. 75, Supp. 32 of Acta chirurgica Scandinavica.) By Lennart 
Peterson. Pp. 113; illustrated. Helsingfors: Mercators Trj^ckeri 
Aktiebolag, 1934. (No price given.) 

Free Medical Care {Socialized Medicine). Compiled and Edited by E. C. 
Buehler, Director of Forensics, University of Kansas. Pp. 360. New 
York: Noble and Noble, Publishers, Inc.-, 1935. Price, S2.00. (Review, 
p. 838.) 

■ Gi'undziige der praktischen Seelenheilkinide. By Dr. Med. Fritz Kunkel, 
Berlin. Pp. 168. Stuttgart: Hippokrates Verlag G.M.B.H., 1935. 
Price, Rm. 6.75, paper binding; Rm. 8, linen binding. 
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International Clinics. Vol. Ill, Forty-fifth Series, 1935. Edited by LoxJis 
Hamjian, M.D., Yisiting Physician, Johns Hopldns Hospital, Baltimore, 
■with 14 Collaborators. Pp. 337; illustrated. Philadelphia; J. B. 
Lippincott Company, 1935. , 

One medical and three surgical papers, together -with progress articles on oph- 
thalmology and otolaryngblogy comprise this number. The International element 
is maintained by Parkes Weber’s '‘Carcinoma Telangiectaticum” and Loeser’s 
(of Freiburg) paper on the pituitary and thyroid. 

A Textbook of Bacteriology. By Thurman B. Rice, A.M., M.D., Professor 
of Bacteriology and Public Health at the Indiana University School of 
Medicine. Pp. 551; 121 illustrations. Philadelphia; W. B. Saunders 
Company, 1935. Price, S5.00. 

Individual Exercises. Selected Exercises for Individual Conditions. By 
George T. Stafford, M.S., Director, Corrective Physical Education, 
University of Illinois, Harry B. DeCook,_ M.A., Director, Corrective 
Physical Education, Northwestern University, and Joseph L. Picard, 
M.S., Director, Corrective Physical Education, University of Arizona. 
Pp. Ill; 100 illustrations. New York: A. B. Barnes & Co., Inc., 1935. 
Price, SI .00. 

“In recent years the question of exercise has become of vital interest. _ It is 
not unusual for a physician to prescribe ‘exercise’ as well as medicine. Individuals 
of their ovm accord are seeking health through exercise. School boards consider 
physical education as an integral part of education — rather than a frill or a fad. 
The difficulty comes in determining what kind, type or amount of exercise one 
should take. . . . Hence, this book is written, avoiding technical language as 
far as possible, with the idea of gmng the reader basic information regarding 
exercise for individual needs. . . . The doctor, the physiotherapeutist, the physical 
educator and the teacher null find this book helpful in selecting exercises for the 
large number of individuals who, because of physical defects, deformities, etc., 
should not be permitted (or are not able) to take the regular physical education 
work.” (From Authors’ Preface.) 

Mechanics of Normal and Pathological Locomotion in Man. By Arthur 
Steindlbb, M.D., F.A.C.S., Professor of Orthopedic Surgery, The State 
University of Iowa, Iowa City. Pp. 424; illustrated. Springfield, Bl.; 
Charles C Thomas, 1935. Price, S8.00. 

The Stomach and Duodenum . By George B. Eusterman, M.D., F.A.C.P., 
Head of Section in Dmsion of Medicine, The Mayo Clinic; Professor of 
Medicine, The Mayo Foundation for Medical Education and Research, 
Graduate School, IJniversity of Minnesota, and Donald C. Balfour, 

• M.B., M.D. (Tor.), LL.D., F.A.C.S., F.R.A.C.S., Head of Section in 
Division of Surgery, The Majm Clinic; Professor of Surgery, The Mayo 
Foundation for Medical Education and Research, Graduate School, 
University of Minnesota, and Member of the Staff, The Mayo Clinic 
and The Mayo Foundation for Medical Education and Research, Grad- 
uate School, University of Minnesota. Pp. 958; 436 illustrations. Phila- 
delphia; W. B. Saunders Company, 1935. Price, 810.00. 

A Marriage Mamtal. A Practical Guide-Book to Sex and Marriage. By 
Hannah M. Stone, M.D., Medical Director of the Birth Control Clin- 
ical Research Bureau and of the Marriage Consultation Centers at the 
Community Church and Labor Temple, New Y'ork, and Abraham 
Stone, M.D., Adjunct Urologist at the Sydenham Hospital, Co-Director 
of the Marriage Consultation Centers at the Community Church and 
Labor Temple, New York. Pp. 334; 8 illustrations. New L"ork; Simon 
and Schuster, 1935. Price, 82.50. 

Fadiunx Trcatmexxt of Shin Diseases, New Growths, Diseases of the Eyes and 
Tonsils. Bj^ Francis H. Williams, M.D. (Harv.), S. B. Massachusetts 
Institute of Technology; Senior Phj'sician, Boston City Hospital; Fellow 
of American Academy of Arts and Sciences, etc. Pp. 118; 12 illustrations. 
Boston: The Stratford Company, 1935. Price, 82.00. 
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Diabetes, The Malady of Our Time. A Manual. Etiologj'’, Course and 
Treatment of “Diabetes Mellitus.” By Dr. Le^tt-Lenz and Dr. Heinz 
S cHJiEipLER. Pp. 64; illustrated. Berlin: A. K. Verlag (Arthur Kirch- 
ner), 1935. Price, 81.15. 

Genetics. By H. S. Jennings, Henry Walters Professor of Zoolo^ and 
Director of the Zoological Laboratory in the Johns Hopldns University. 
Pp. 373; 70 illustrations. New York: W. W. Norton & Co., Inc., 1935. 
Price, $4.00. 

Diseases of the iVose and Throat. For Practitioners and Students. By 
Charles J. Imperatori, h'l.D., F.A.C.S., Professor of Clinical Oto-laryn- 
gology, New York Post-Graduate Medical School, Columbia University, 
and Heriian J. Buriian, M.D., Instructor of Clinical Oto-laryn- 
gologj% New York Post-Graduate Medical School, Columbia University. 
Pp. 723; 480 illustrations, some in colors. Philadelphia: J. B. Lippincott 
Company, 1935. Price, 87.00; 

NEW EDITIONS. 

The Pathology of Internal Diseases. Bj”- William Boto, M.D., M.R.C.P. 
(Edin.), F.R.C.P. (Lond.), Dipl. P.sych., F.R.S. (Can.), Professor of 
PathologA' in the University of Manitoba ; Pathologist to the AVihnipeg 
General Hospital. Pp. 904; 335 illustrations. Second Edition. Phila- 
delphia: Lea & Febiger, 1935. Price, 810.00. 

Laboratory Methods of the United Slates Army. Edited bj’’ Jasies Stevens 
SijLMONS, B.S., AI.D., Ph.D., Alajor, Medical Corps, U. S. Army; 
Director of Laboratories, Army Medical Center; Director of the Depart- 
ment of Preventive Medicine, Armj’^ Medical Scliool. Associate Editor, 
Cleon J. Gentzkow, M.D., Ph.D., Alajor, Aledical Corps, U. S. Army; 
Chief of the DiAusion of Chemistry, Army Medical School. Approved 
b}' the Surgeon-General of the U. S. Army. Pp. 1089; 70 illustrations 
and 133 tables. Fourth Edition. Philadelphia: Lea & Febiger, 1935. 
Price, $6.50. 

"Although the title of this work is ‘Laboratory Methods,’ its scope has been 
enlarged to include material other than strictb' technical procedures. For example, 
in the section on Bacteriologj', tables of classification and brief summaries of the 
more important characteristics of certain bacteria have been added; and the 
sections dealing with Protozoologj’’, Helminthology and Entomology have been 
expanded and include illustrations of certain organisms. New sections, one 
dealing with Rickettsia and Filterable %'iruses and another with Statistical Meth- 
ods, have been added.” (From Author's Preface.) 

The Treatment of Diabetes Mellitus. B 3 '^ Elliott P. Joslin, M.D. (Harv.), 
M.A. (Yale), Aledical Director, George F. Baker Clinic, New England 
Deaconess Hospital; Clinical Professor of Medicine, Harvard Medical 
School; Consulting Phj^sician, Boston City Hospital. With the cooper- 
ation of Howard F. Root, M.D., Priscilla White, M.D., and Alex- 
ander AIarble, ]M.D. Pp. 620; 7 illustrations arid 144 tables. Fifth 
Edition, retrised and rewritten. Pliiladelphia : Lea & Febiger, 1935. 
Price, 86.00. 

Personal and Community Health. Bj" Clair Elsjiere Turner, I\'I.A., 
Dr. P.H., Professor of Biology and Public Health in the Massachusetts 
Institute of Technology,', etc. Pp. 680; 130 illustrations, 4 colored plates 
and 13 tables. Fourth Edition. St. Louis; The C. V. Alosby Compan 5 '’, 
1935. Price, 83.00. 

Diseases of the Shin. By Fr-wk Crozer Knowles, AI.D., Professor of 
Dermatologj", Jefferson iMedical College; Dermatologist to the Jefferson, 
the Peimsylvania, the Presbiderian and the Babies’ _ Hospitals, etc. 
Pp. 640; ^0 illustrations and 11 plates. Third Edition, thoroughly 
reirised. Philadelphia' Lea & Febiger, 1935. Price, 86.50. 
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FUNCTIONAL LOCALIZATION IN THE CEREBRAL CORTEX. 

The study of functional localization in the brain may properly be 
said to begin, along with most other beginnings in medicine, with 
Hippocrates. In his treatise on “Wounds of the Head” he described 
various kinds of fractm'es and Yvarned against incisions into the brain 
so as not to produce convulsion on the opposite side of the body. Galen 
taught that the cerebrum is the organ of intelligence ahd conscious 
sensations and apparently did ablation experiments on the cortex to 
study its function. At this time, however, and for many centuries 
after Galen, the ventricles were considered to be the principal centers 
for localized function; thus the anterior contained imagination, the 
middle reason and the posterior memory. In the 17th century Willis 
made some significant observations on the concept of cerebral localiza- 
tion and during the same century Wepfer* fii’st accurately described 
cerebral apoplexy and hemiplegia. It was not until the latter part of 
of the 19th century hoYvever that real progress in the study of cerebral 
function was made. The work of Hitzig and Fritsch,* and of Ferrier^ on 
the electrical stimulation of the exposed cerebrum of the liYung animal 
marks the beginning of our modern views. The first effect of the work 
of these investigators led to extreme Yoews of localization of function 
m which different motor and sensory areas were thought to be definitely 
circumscribed. Cortical diagrams were numerous with different centers 
plotted for various functions, each center specific in purpose and 
. sharply separated from everj' other in a mosaic pattern. 

The development from this concept of localization of function to 
sharply limited areas to the present-day concept is well expressed by 
de Barenne"* in his criticism of the use of the term localization of func- 
tion. He Yvrites, “An enormous number of nervous actiYuties inYmlve 
not only the cortex but also other levels of the nervous systems. This 
IS true of the human being, so far as is known, for all perceptual and 
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voluntary activity. TMs means, irrespective of one’s point of view in 
regard to^ the problem of functional localization within the cortex, 
that it is incorrect to state that fusion, hearing or motility is 'localized’ 
in the cerebral cortex. If this term is used, the only appropriate state- 
rnent would be that the nervous function under consideration is 'local- 
ized’ in all those nervous structures which are throvTi into activity in 
the performance of the function.” The central nervous system has 
come to be looked on as a highly integrated mechanism each cell of 
which has a demonstrable function to perform not as an independent 
entity bnt as a unit essential for the successful operation of the mechan- 
ism as a whole. 

Although this point of weiv has gradually developed during the past 
60 years, notably through the contributions of Sherrington,®''^ Beevor 
and Horsley,' Brodmann,® the Vogts,® significant contributions have 
been made during the past year especially in the studies of Fulton and 
his group on the frontal lobe. 

The Frontal Lobe. From the standpoint of functional activity the 
frontal lobe may be divided into four well-defined areas. As defined by 
Fulton^'’ these areas are: 

1. The motor area beginning in the depths of the central sulcus and 
extending rostrally on the lateral surface. The limits of the motor area 
are determined by its cellular structure, being the region of the cortex 
containing in its fifth layer the large cells of Betz which give rise to the 
pjTamidal pathways.^^ 

2. The premotor area comprises the region of the cortex anterior to 
the motor area. It is histologically identical with the motor area apart 
from the absence of the large motor cells in the fifth layer. In man 
the premotor area occupies a much larger part of the exposed surface 
of the hemisphere than does the motor area. 

3. The frontal eye fields. These are a specialized part of the frontal 
lobes, concerned with coordinated eye moA'ements. 

4. The frontal association areas, or the pre-frontal area. 

The Motor Area: (Area 4). It is a time honored conception that a 
destructive lesion of the motor cortex always produces contralateral 
paralysis accompanied by heightened tendon reflexes, spasticity and 
finally contractures. Experimental evidence and clinical data cast 
considerable doubt upon this conception. Studies of the response to 
electrical stimulation of the motor cortex shows that the resultant 
movement is of a discrete tj^pe, generally one produced by a single 
muscle. The response is distinctly focal. Only if the stimulus is very 
strong or if the threshold stimulus is continued over a long period does 
the movement spread to adjacent muscles, producing the traditional 
“march” of the Jacksonian focal seizure. Furthermore, stimulation 
of a point at the anterior margin of the motor area produces movements 
of the ipsilateral lower extremity. In ablation experiments, a uni- 
lateral lesion sharplj" restricted to the motor area causes immediate 
and complete paralysis of voluntary movement for a period varying 
from 2 days to a week. During this period the limbs are flaccid witli 
diminished or absent reflexes, and marked muscular ^yas■ting may 
appear. Voluntary motor power gradually returns, appearing first at 
the hip and the shoulder and gradually extending to the knee and ankle 
and finally to the digits. The deep reflexes gradually reappear. The 
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Babinski and Cbaddock reflexes develop when the deep reflexes retm-n. 
There is no loss of memory or mental confusion even when the pure 
motor area lesion is bilateral. 

Premotor Area; (Area 6). From the point pf view of electrical excit- 
ability, the premotor area may be di^^ded into anterior and posterior 
parts' (Ai-eas 6a Alpha and 6a Beta). From the posterior part move- 
ments of individual muscles may be obtained which are similar but 
somewhat less discrete than those obtained from the premotor area. 
These discrete movements cannot be evoked after the motor area has 
been destroyed or after the cortex has been superficially incised between 
the motor and the premotor area; the movements- are therefore depend- 
ent upon the integrity of the pyramidal fibers. From the entire pre- 
motor area, complex and seemingly pm’poseful movements are to be 
observed which effect not single muscles but an entire extremity or the 
whole half of the body. These responses involve patterns of movement 
rather than the reactions of single muscles. They are generally asso- 
ciated with turning the head and eyes to the opposite side and with 
torsion of the pelvis. All of this reaction persists after incision of the 
cortex between Areas 4 and 6 and after complete degeneration of the 
pyi-amidal tracts. They disappear when Area 6 is undercut. The reac- 
tions therefore clearly involve the extrapjTamidal motor ' projection 
systems arising in the premotor area.*^-’^ Following isolated removal 
, of the premotor area profound motor disability occurs which lasts botlr 
in man and in the chimpanzee for 4 or 5 days. Immediately after 
such a lesion the affected extremity becomes highly spastic; no wasting 
occurs, electrical excitability is normal and certain characteristic 
pathologic reflexes such as forced grasping,’^ the fanning sign of Babin- 
sld and the sign of Rossolimo, Mendel, Bechterew and Hoffman develop. 
There is also profound vasomotor disturbance, the affected side losing 
for a time its power of reflex vasodilation and sweating.'® Voluntary 
power begins to return simultaneously in all parts of the extremity 
generally in 4 or 5 days ljut skilled movements such as those necessary 
to play the piano, to finger a violin or to tie a shoe lace become perman- 
ently impaired.'® In trained animals there is considerable intellectual 
deficit in that they forget problem box manipulations but reeducation 
is possible (Jacobsen"’-'®). 

Frontal association area or pre-frontal area; No movements of the 
extremities or of any other of the bodily structures are obtained by 
stimulation of these areas. Removal of one frontal area causes no 
recognizable deficit, intellectual or neurologic unless the eye-fields 
are encroached upon in which case the animal is unable for about 48 
hours to carry out conjugate lateral deviation of its eyes to the site of 
the lesion. Bilateral ablation of the frontal association areas is also 
without efiect upon reflexes, motor power or postm’C but it has a pro- 
found influence upon the behavior and the capacity to learn and remem- 
ber complex problems. The animal becomes very restless and easily 
distracted and previously acquii’ed patterns of response in problem 
situations deteriorate and the animal cannot be retrained. No dominance 
of lobes is noted in lower animals. In siunmary, Fulton makes the 
following conclusions as a result of experiments on the cortex of trained 
monkeys and chimpanzees. 

1. Electrical excitability is present in the motor, premotor and eye 
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fields but not in the frontal association area. Tlie excitability of the 
premotor area persists after complete removal of the motor area and 
degeneration of the pyi-amidal tracts. Movements of the ipsilateral 
lower extremities can be obtained from the premotor region. 

2. Ablation of the motor area causes flaccid paresis with depression 
of the reflexes. Voluntary power invariably returns however in all 

" four extremities, after the motor area has ]3een completely removed 
from both sides. 

3. Ablation of the premotor area causes transient spastic paresis 
with forced grasping and increase in all the deep reflexes. Combined 
ablation of motor and premotor areas cause permanent spasticity as 
in capsular hemiplegia but not complete loss of power. 

4. Removal of motor and premotor areas from both hemispheres 
is followed bj'' complete and permanent loss of voluntaiy power (cor- 
tical paralysis) and the postural reflex status of such a preparation is 
identical to that of a thalamus animal. 

5. If a part of one motor or premotor area of one hemisphere remains 
intact the animal is able to carry out cortically innervated movements 
in all four extremities. This, together Avith the observations on stimu- 
lation, indicates that ipsilateral representation exists in both the motor 
and premotor regions. 

6. Removal of the premotor area gives rise to vasomotor disturbance 
on the opposite extremities and to other signs of impairment of the 
autonomic function. 

7. Bilateral removal of the frontal association areas causes no paresis 
or reflex disturbance but it causes loss of memory for complex skilled 
acts and an incapacity to profit by recent experience. 

In a summary of the clinical interpretations of these phenomena, 
Fulton and Viets'® make the following conclusions; 

1. Lesions restricted to the p.ATamidal tracts or to their cells of origin 
cause flaccid motor paralysis, muscle atrophy, transient depression 
of all reflexes and the positive signs of Babinski and Chaddock; after 
complete destruction of the pyramids, the signs of Babinski and Chad- 
dock persist permanently but the paralysis flaccidity and reflex changes 
tend Avith time to disappear. 

2. Lesions of the premotor projection area of the cortex, Avhich also 
indicate Amluntary moA'ements giA^e rise to spastic paralysis, disturb- 
ance of skilled moATinents, forced grasping, Ansomotor disturbance, 
increased deep reflexes and the signs of Rossolimo, Mendel, BechtereAV 
and Hoffman. Forced grasping and A^asomotor clisturbance are tran- 
sient but di.sturbances of sldlled inoA'cments and the signs of Rossolimo 
and Hoffman tend to persist. 

3. Hemiplegia in man is generally produced by combined destruc- 
tions of motor and premotor components of the upper motor neuron 
and hence such cases generally exhibit combinations of the foregoing 
sjTuptoms Avith more seA'ere ultimate motor paralysis than when only 
the pjTamidal tracts are iuA'olvcd. Tlie prognosis can be inferred from 
the extent to AA'hieh the tAvo systems are invohmd. 

Aphasia. Another noteAvorthy contribution to the understanding 
of functional localization Avas the publication by Weisenburg-® of the 
results of his 4-year study of aphasia. From a group of 314 pa- 
tients 60 Avere selected for study on the basis of; . Clearcut aphasia, . 
age under 60, English as a mother tongue and adequate sight and hear- 
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ing. A comprehensive group of tests so designed as to cover a wide 
field of language and mental functioning Avas given to this group and 
to an additional control group of 85 normal adults, comparable to the 
aphasic group in age and in educational, occupational, and social classes. 
The most satisfactory classification of aphasic disorders according 
to this study is (a) the expressive, (b) the receptive, (c) the expressive- 
receptive, and (d) amnestic. . Of the four the amnestic represents the 
only fairly clearcut syndromes. The disorders of the first two groups 
are only predominantly expressive or predominantly receptir’-e; in the 
expressive there is always some degree of limitation in receptive func- 
tions and in the receptive there are always some defects in speaking 
and writing. 

(A) The predominantly expressive disorders handicap speaking 
and mating more seriously than the receptive functions. They are 
characterized most obviously by defects in articulation and word 
formation but they may involve extensive changes in many language 
and non-language performances. 

(B) The predominantly receptive disorders involve relatively serious 
defects in the understanding of spoken language or of printed material. 
Expressive disturbances also appear but are almost always less prom- 
inent than the receptive; they consist largely of verbal and grammatical 
confusions. 

(C) The expressir-’e-receptir'e disorder is a severe limitation in all 
language processes with or without considerable disturbances of non- 
language performances. 

(D) The amnestic disorder is a fundamental difficulty in evoking 
words as names for objects, conditions or qualities and is manifested 
in many language responses. From this classification it is apparent 
that aphasia is not a unitary disorder but a group of disorders represent- 
ing different types of disintegration within the language process and 
sometimes involving changes in mental functioning beyond the lan- 
guage process. 

In this study the term apraxia was limited to disturbances in familiar 
and more or less automatic acts which do not depend on sensorimotor 
defects. Agnosia rvas limited to disturbances in the perception of 
formerly rvell known objects, forms and sounds when there are so sensory 
defects to explain the disturbances. There are two types of apraxia, 
one involving movements of the muscles of speech and the other familiar 
acts such as manipulating an object. Some of the aphasic patients 
Avere unable to take positions of the lips, teeth and tongue at command 
or by imitation Avhen the production of actual sounds Avas not in 
question. The apraxic sjonptoms of the other type appeared in cases 
of general deterioration Avith aphasia or in cases of bilateral lesion. 

Agnosic disturbances in the recognition of well knoAvn sounds other 
than speech sounds, of objects, or of forms other than letter symbols 
Avere not found in patients of the aphasic group. There is a definite 
dominance of the hemispheres not shoAAm in loAver animals as indicated 
by the eAndence that the dominances indicated by handedness is a 
criterion of the crucial hemisphere for speech in about 95% of the cases. 
From the clinical symptomatology and pathologic cA’idence in the 
expressiA’^e cases, the lesions Avere predominantly in the anterior portion 
of the brain and to a less extent in the parietal and temporal zones. 
In the receptiA'e cases as a gi’oup the neurologic symptoms also indicate 
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a preponderant implication of the anterior part of the brain, but less 
than in the expressive cases and with a greater involvement of the 
parietal and temporal zones. In the expressive-receptive cases^ the 
neurologic symptoms point strongly to implication of the anterior part 
of the brain but because of the patient’s great language difficulties little 
can be determined about the extent to which posterior areas are involved. 

It IS the opinion of Weisenburg that it is very much a question whether 
it will ever be possible to localize from the anatomic standpoint the 
causes which lead to aphasic disturbances. The disorders in aphasia 
go beyond speech disturbances, and the complex processes affected 
depend on the function of the whole brain. 

George Johnson, M.D. 
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SUPPURATION OF THE PETROUS PYRAMID. 

Petrositis, petrosal tip suppuration, and suppuration of the petrous 
pyramid are terms which have been applied to a syndrome occurring 
during the course of an acute otitis media or mastoiditis. The patho- 
logic basis for the clinical picture is a suppurative process within the 
pneumatic cells of the petrous portion of the temporal bone, or an osteo- 
myelitis of the pyramid. For ymars reports of inflammatory lesions 
located in the petrous pyramid have appeared in the literature. These 
in the main have been in the nature of unusual findings at autopsy of 
meningitis deaths of otogenic origin. Macroscopic and microscopic 
descriptions of various fistulm leading from the middle ear to the men- 
inges constituted the main body of the reports as a rule. For some 
reason the clinical symptomatology of such lesions, and what is more 
important, the clinical sequence of events that led to the terminal 
meningitis received but scant attention. It is true that the Gradenigo 
syndrome, consisting of pain in the distribution of the trigeminal nerve 
associated with external rectus palsy and otorrhea, has had extensive 
otologic recognition, and the occasional complication of meningitis 
was also well known. It remained for the classic and monumental 
work of Kopetskj'- and AlmouF definitely to establish petrositis as a 
clinical entity by minutely describing the anatomic basis for the lesion, 
ite specific pathology, its symptomatology and characteristic course, 
diagnostic criteria, and last, but not least, an operative technique for 
dealing effectively’’ with the process in order that a fatal meningitis be 
prevented. Since that time suppuration of the petrous pyramid has 
assumed a deservedly prominent place in the otologic literatm-e, as is 
evidenced by the large number of contributions dealing wdth the 
condition that have appeared all over the world in the past feiv y'^ears. 

Anatomy. Examination of a well pneumatisized temporal bone 
discloses the fact that the pneumatic cells are not confined to the mas- 
toid portion but are seen to invade the zy'^goma, the squama, the floor 
of the middle ear, the tegmen and also the petrous tip. These cells, 
occupying portions of the temporal bone other than the mastoid, bear 
the same developmental relationship to the middle ear as do the mas- 
toid cells themselves, and for that reason can well become involved in 
a suppurative process originating in the middle ear. Most investiga- 
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tions have shown that the petrosal pyramid frequently presents a 
structure similar to that of the mastoid itself. Thus a well pneumasized 
mastoid process^ is frequently associated with a well pneumatisized 
petrosa, while diploic and sclerosed mastoids usually accompany simi- 
larly constituted petrous tips. Pneumatization of the petrous apex does 
not appear as frequently as has been supposed. Myerson^ and his co- 
workers described such a condition in but 11% of 200 temporal bones 
studied. They also found that the cellular structure of the petrous 
pjo-amid and the mastoid were not always alike, as 25% of the mastoids 
were pneumatisized, as compared with the 11% of the tips. As the 
cases reported by Kopetsky and Almour occurred in fully pneuma- 
tisized mastoids associated with cellular petrous tips, the importance 
of these findings is obvious; for a non-cellular pjTamid cannot undergo 
coalescence and contain within its anatomic confines a frankly purulent 
collection. Profant,^ in a study of 50 adults, concluded that as a rule 
a well developed mastoid had a well developed petrous, and one with 
a sclerotic mastoid had a sclerotic petrous pyramid. Belinoff and 
Balan^ found pneumatisized tips in 38% of 40 temporal bones studied. 
Hagens,® in a study of 25 bones in gross section and a similar number 
microscopically, found that 28% of the gross specimens had a pneuma- 
tisized apex. Ramadier® divides the cells into a intrapetrosal group and 
a supralabyrinthine group, and Lange^ describes similar cell tracts. 

. Pathology. In the original report by Kopetsky and Almour,' the 
petrous lesion was described as a coalescent osteitis of the cells in the 
petrous tip, which they believed to constitute a distinct pathologic 
entity. The avenues of infection mentioned by them were: (1) From 
the antrum or epitympanic space, above or below the superior semi- 
circular canal, following the postero-superior smdace of the petrosal 
into the tip; (2) via the peritubal cells into the tip; (3) via the peritubal 
cells directly into the carotid canal or through dehiscences in the 
anterior tympanic wall into the carotid canal. 

These avenues can be recognized macroscopically at postmortem or 
at the operating table. Alicroscopic examination disclosed the pathwa}”^ 
to be along the perilabjTinthine cells originating in the antrum .or 
epitjonpanum. Friesner and Druss® also mention the peritubal route. 
The end result of the spread of the infection is the development of an 
abscess or empyema of the petrous tip if it be cellular in nature. If, 
on the other hand, the tip is diploic in character an osteomyelitis will 
result, as has been described by Eagleton.® The extension of the 
inflammation to the superior surface of the tip involves the Gasserian 
ganglion with the production of the typical distribution of pain.^ A Sub- 
dural abscess may develop, or, as frequently occurs, the lesion inay 
spread to the meninges with the development of a fatal meningitis. 
The suppurative process appears to spread by way of the perilabjTin- 
thine tracts, as the mastoid and middle ear infection tends to clear up 
and disappear. At times the petrous suppuration may discharge into 
the middle ear by rupturing through cells around the Eustachian tube. 
This fact can account for the characteristic observation _ in petrositis 
of the sudden occurrence of profuse discharge after an interval of a 
dry ear, and also explains some of the cases in which spontaneous cure 
has been observed. 

Probably the most outstanding pathologic manifestation m petrous 
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suppm-ation is the fistulization leading from the middle ear or mastoid 
into the petrosa. It has been the subject of a great deal of interest in 
most reports that have dealt with the operative or autopsy findings in 
this condition. Myerson, Rubin and Gilbert^® were able to collect 
53 cases from the literatm'e in which such fistulre were observed and 
recorded. Twenty-nine of these tracts were found in relation to the 
superior semicircular canal, 18 were found in relation to the Eustachian 
tube, being located at the tubal orifice or peritubal. Five were found 
just below the posterior canal, 4 at the arch of the superior canal and 
1 behind the posterior canal. We thus have a clue as to the probable 
location of a fistula and where it must be sought at the time of oper- 
ation. The varjdng sites of the fistulje may also explain why no one 
surgical procedure could be applicable to all cases. 

Symptomatology. The characteristic picture of petrous suppuration 
is exliibited by a patient afilicted Avith a prior acute suppuratiA^e middle 
ear infection or mastoiditis, Avho complains of a pronounced and profuse 
recm’rence of the otorrhea and the appearance of pain on the same side 
at about the same time. The pain, as a rule, is limited to the eye or 
the orbit and is described by the patient as in or back of the eye, the 
location and character being almost diagnostic in significance. There 
is present a Ioav grade sepsis, the temperature ranging from 99 to 102°, 
The pain, discharge and sepsis, as a rule, appeared after a quiescent 
interval varying from 5 days to several Aveeks, dmlng Avhich no pain 
Avas present, and in which the ear had become dry or almost so and in ■ 
Avhich the temperatm-e showed but little rise above normal. The 
Roentgen ray reA'^eals tAvo important findings, a highly pneumatisized 
mastoid and petrous tip and a suppurative lesion in the latter. It is to 
be noted that abducens paralysis is not mentioned and the lesion is there- 
fore not to be confused Avith Gradenigo’s sjmdrome as has frequently 
occurred in the reported literature. Perrone,^^ reporting 3 cases, states 
that only infrequently is the Gradenigo sjmdrome caused by a petrous 
suppuration. Takaski,^^ Retjo,*® Mounier-Kuhn,^'^ Ballenger,^® and 
Piquet,^® all report cases Avith abducens palsy but Avith no eAudent 
petrosal lesions. Yet external rectus paralysis does occur in some cases 
of petrositis, as CAudenced by the reports of Lemaitre and Lemoine,^^ 
Seydell,^®, Blassingame,^® Bernstein,-® Galtung,®^ Ruttin,®® and Moulon- 
guet and Pierre.^® Undoubtedly the appearance of the rectus lesion 
Avas an expression of meningeal involvement from the suppm’ating 
petrous pyi-amid. Apparently petrosal suppuration may occur Avith 
or Avithout abducens paralysis. The explanation of the pain in and 
about the eye was that it Avas consequent to an irritation of the oph- 
thalmic branch of the fifth nerA’^e. Studies by VaiP^ led him to believe 
that the pain was caused by the great petrosal nerve rather than the 
ophthalmic branch of the trigeminal. Eagleton,® lioAveA'er, explained 
the irritation of the ophthalmic branch of the fifth nerA^e as being due 
to tension on the dura surrounding the nerA’e by the edema and sAvelling 
consequent to the inflammatory process in the adjacent bone. Myerson 
and his coAvorkers^® believe that the recurrent tentorial branch of the 
ophthalmic diAusion to be the explanation of tlie phenomenon. Paral- 
ysis of the scA-enth nerA’^e has been described, jMyerson ct al. haA'ing 
3 cases and Kopetsky,^ Profant,® and Friesner and Druss,® also report 
such cases. The discharge as a rule is profuse, although it may be 
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scant or absent. The discharge is large in amount when a fistulous 
tract from the petrous is emptying the exudate into the middle ear or 
mastoid. If the fistula is blocked by granulatipns the otorrhea dimin- 
ishes and becomes scant or absent.' If no fistula is present little, if 
any, otorrhea may be seen. As the suppm’ation is contained within 
the perilabyrinthine cells it is not unusual to find some cases evidencing 
symptoms of labjTinthine irritation. These are usually vertigo and 
nystagmus. Functional examination of the labyrinth is negative, 
sho'wing the lesion to be a perilabyrinthitis. The laboratory findings 
are those of a mild infection. A leukocytosis of 9000 to 14,000 may 
be present. The organisms responsible for the infection are similar 
to those found in any mastoid infection. Rollin^^ and Fowler^® report 
petrous infections due to the well known \arulent pneumococcus 
Type III. 

The Roentgen ray is of great importance and must be considered 
one of the guiding signs in the management of the disease. Caution 
must be exercised in the interpretation of the Roentgen ray films. 
Sussman^^ believed that the picture taken in the Stenver position was 
most useful. Epstein^® preferred 3 exposm-es by the methods of Schuller, 
Mayer, and Stenver. Probably the method of Taylor-® is the safest 
to follow. He takes a base plate showing both petrous tips early in 
the course of the otitis and files this for futm’e reference. If later in 
the course significant clinical phenomena appear, another base plate 
and a Stenver plate are taken. By comparison ivith the early base 
plate, significant changes in the petrosa may be established. 

Treatment. The therapy of petrous suppuration is surgical. The 
manner of approach and the type of surgery to employ must vary 
somewhat with the nature of the' lesion. Whatever method is under- 
taken, it is assumed that it must be adequate in eradicating the sup- 
purating focus and preventing extension of the disease to the meninges 
with a possibly fatal outcome. Various techniques have been advocated. 
Voss^® believed that, in addition to the performance of the mastoid 
exenteration, a wide exposure of the epitjunpanum would be sufficient 
to drain the petrosa. Undoubtedly the exposure of a fistula without 
enlarging its opening will but rarely cause it to drain satisfactorily. 
Many cases in which no apparent fistula can be observed have been 
described and such cases of course require further sm’gery. This type 
of surgery is certainly far from convincing as to its adequacy in the 
various types of purulent retention in the petrous pja-amid. FrenclcneF^ 
enters the petrous tip through the arch of the superior semicircular 
canal, removing the cancellous tissue between the horizontal and 
superior canals with a specially constructed cm’ette, outlining the arch 
and following the cells beneath the arch, forward and inward until 
the tip is entered. If a fistula is present at the time of operation, it 
would seem wiser to utilize tliis tract established by Natm-e to drain 
the tip by widening and enlarging it. Even when confronted by a 
closed empyema of the tip, this procedm-e may be found wanting as 
the presence of a tract of cells beneath the arch is not constant and 
one may have extreme difficulty in producing a tract tlu’ough the dense 
bone. Ramadier, Guillon and Becker®^ describe a rather formidable 
procedure which they developed on the cadaver. The technique entails 
an extensive wide radical mastoid operation, removing the anterior bony 
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canal wall as well as the floor, exposing the glenoid fossa and the anterior 
wall of the middle ear which is removed below the opening of the 
Eustachian tube, thus exposing the carotid artery which is pulled out 
of its canal by iheans of a ligatm-e, enabling the operator to enter the 
petrous tip through the inner wall of the carotid canal. Such a radical 
procedure is open to a serious question. The mandibular joint may 
have interference with its function as a result of the operation. Post- 
operative drainage from the tip may be impeded by the carotid arterj"- 
falling back into place at the termination of the procedirre, and the 
technique may also open other pathways of septic soilage of the men- 
inges by way of the perivascular spaces. In the presence of an obvious 
fistula one can hardly see the need of such an extensive and radical 
procedure, fraught with such possibilities just mentioned. Eagleton^^ 
skeletonizes the posterior aspect of the petrous bone by the removal of 
the sinus plate, the tegmen, the bone over Trautmann’s triangle and 
then removes the root and some of the zygoma, the squama and some 
of the anterior canal wall, thus skeletonizing the anterior portion of the 
petrosa. The tegmen is then completely removed and the dm’a elevated, 
bringing the petrous tip into \'iew, which is entered by removing the 
bone overlying the apex. AlmouP has developed a logical technical 
approach that is especially indicated for drainage of an empyema of 
the tip in a pneumatisized petrous pyramid in which no demonstrable 
fistula is evident. Following a radical mastoid operation the tensor 
tympani muscle is removed and the orifice of the Eustachian tube 
identified. Then by means of a drill a tract is made by placing the 
burr point in the roof of the mouth of the Eustachian tube and bm-ring 
inward and forward at an angle of 22 degrees to the external canal. 
This technique in forming a tract along the peritubal cells gives ade- 
quate, dependent drainage to the tip. Further, it’ seems to follow the 
path that has been so frequently described in many cases in which a 
spontaneous fistula has been affected by Nature. It is obvious that 
any of these techniques may not be necessary as a rule in cases in which 
at the time of operation a fistula had been found either in the epi- 
tympanum or in the middle ear. In such instances, probably all that 
is necessary is the/ widening and curettement of the established tract 
so as to afford efficient drainage. Lillie^^ has reported 2 such cases in 
which cures were effected by widening and curettement of a fistula 
that appeared in the epitympanum, and Seydelff^ reports similar success 
in the use of this procedure. 

Myerson, Rubin and Gilbert^® advocate entry into the anterior wall 
of the petrous tip by means of a special gouge, after the performance of 
a thorough simple mastoid operation. They claim that their procedure 
effects a thorough evacuation of the petrous tip with preservation of 
the patient’s hearing. In another contributioiff^ on the subject they 
point out the frequent bottle-neck arrangement of the fistula which 
they believe would at times preclude efficient drainage and therefore 
advocate uncapping of the anterior wall of the pjTamid. 

A review of tlie recorded cases makes it obvious tliat no one of the 
procedures described is equally applicable in all cases. It woidd appear 
logical to perform first an extensive and thorough simple mastoid oper- 
ation and then search for the presence of a fistula at the sites of pre- 
dilection : either anterior or posterior to the superior semicircular canal. 
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either 'within or above the arch of the superior semicircular canal, and 
either belo-w or posterior to the posterior canal. If a fistula be found 
at any of these sites it might be widened and enlarged and the patient 
carefully observed. If the postoperative progress was unsatisfactory, 
then the petrosa might be entered and the tip uncapped. If, hoAvever, 
no fistula is found, the simple mastoid cavity might be converted into 
a radical mastoid cavity and search made for a fistula either at the 
Eustachian tube orifice or just above it. A fistula found in this region 
is treated by enlarging and ividening its tract and careful postoperative 
observation will decide as to the adequacy. If no fistula is found at 
this time, then recourse to a more radical procedure is necessary. Here 
one may have his choice of those suggested by Almour, Eagleton, or 
Myerson and his associates. 

The exact indication for surgical intervention on the petrous pyramid 
has not as yet been definitely determined and a great deal of confusion 
still exists. 

Certainly not all cases of petrosal involvement require surgery. It 
is conceivable that the petrous tip may be but mildly involved in the 
pathologic process and it has probably been the experience of most 
otologists that many of their cases of mastoiditis with pain in and 
about the eye have gotten Avell without a petrous operation. In fact, 
Myerson®® states that about 80% may recover with conservative man- 
agement. Yet the potential complications of meningitis, brain abscess, 
cavernous sinus thrombosis and general sepsis are of such a grave and 
frequently fatal nature as to make us profoundly conscious of our 
responsibility Avhen confronted by a case of petrosal infection. While 
no hard and fast rule may be draAvn, conservative management seems 
to be indicated only in those cases in which the pain is mild and decreas- 
ing in intensity, in Avhich the temperature is normal, or slightlj’- elevated, 
in which the discharge has not abruptly ceased and in which the Roent- 
gen ray findings show either a normal or a slightly involved petrous 
tip. On the other hand, pain increasing in intensity, especially if it 
be nocturnal and interfere Avith sleep, a rising temperature, a sudden 
cessation of the discharge, positiA^e Roentgen ray findings, and signs 
of sepsis or meningeal irritation all point to an immediate evacuation 
of the petrous tip as a means of prcA'enting further progression of the 
purulent process toAvards the cranial cavity AAuth the possible produc- 
tion of a fatal complication. The danger lies, not in the operation, but 
in the delay during Avhich meningitis, brain abscess or cavernous 
tlirombosis may supervene. M. Reese GuttjAian, M.D. 
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The Water of Serum and the Calculation of the Molality of a Solute 
in Serum From the Measurement of the Specific Gravity.— Frederick 
William Sunderman (John Herr Musser Department of Research 
Medicine, University of Pennsylvania). Recent studies have demon- 
strated the desirability in certain instances of expressing the concen- 
tration of a solute in serum in relation to the concentration of water. 
For this relationship the measurements of botli the specific gravity 
and the amount of total solids have been necessary. A linear correlation 
has been demonstrated between the specific gravity and the total solids 
of serum so that having determined either of tliese two measurements 
a solute measured in relation to volume may be calculated in relation 
to the water within an accuracy of =^1%. In addition the concentra- 
tion of the water or of the total solids present in serum may be derived 
directly from the measurement of the specific gravity. 
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The Fate of Hemoglobin Injected Into the Blood Stream.— David 
L. Drabkin, a. H. Widerman and H. Landow (Laboratoiy of Physio- 
logical Chemistry, University of Pennsylvania). Small samples of 
hemolyzed, washed blood cells, containing Q.l to 0.4 mhl. of hemoglobin, 
were injected intravenously into the same dogs from Avhich the blood 
was^ obtained. The fate of the injected blood pigment was followed 
during the first 20 hours by periodic examination of the serum and of 
the urine. 

By means of spectrophotometric analysis the following points were 
established: (1) The pigment which appeared in the urine was un- 
changed hemoglobin. (2) Upon standing, the hemoglobin in the urine 
was converted rapidly into methemoglobin. This change was due 
most probably to the presence of oxidants in the urine. (3) In most of 
the experiments the hemoglobin which appeared in the m-ine accounted 
for only one-tenth of the quantity which disappeared from the serum. 
(4) During the first 20 minutes after the injection, 20 to 45% of the. 
, injected pigment was removed from the serum. There appeared to 
be an inverse relationship between the magnitude of the earlj'' loss 
from the serum and the total hemoglobin which was excreted in the 
urine. (5) Within S hom-s after injection 90% of the hemoglobin had 
disappeared from the serum. Wien HbOe was injected neither met- 
hemoglobin nor bile pigments could be demonstrated in the serum 
during the course of the experiments. (6) Injected methemoglobin 
disappeared from serum at the same rate as injected HbOj. Some 
e\ndence of alteration in pigment, perhaps to a hematin-like substance, 
was obtained after the injection of methemoglobin. (7) Splenectomy 
produced no demonstrable effect upon the rate of removal from serum 
of injected Hb 02 . 


The Absorption of Cystin, Methionin and Cysteic Acid From Intestinal 
Loops of Dogs. — James C. Andrews, Charles G. Johnston and 
Kathleen C. Andrews (Laboratories of Physiologieal Chemistry and 
Researeh Surgery, University of Pennsylvania). The relative rates 
of absorption of eystin, methionin and cysteic acid have been measured 
in a dog with an isolated intestinal loop with the result that methionin 
appears to be absorbed about three times as rapidly as cystin, while 
the rate of absorption of cysteic acid is intermediate between the two. 
Since the dog employed for these experiments is the same one which 
was used over 2 years ago in measuring the rates of absorption of 
cystin and cysteic acid, we have been able to determine the change in 
the rates of absorption of these two compounds over that length of 
time. We found that for both compounds the rate of absorption has 
decreased to about one-third its original value. The rate of absorp- 
tion is not a linear relation. In a 6-hour experiment the amount of 
cystin absorbed is two or more times as great as in a 4-hour experiment. 
The amount of the amino acid absorbed in a given length of time 
varies somewhat with the amount placed in the loop: the larger the 
' dose the more is absorbed. The amount of the amino acid absorbed 
is independent of whether it is administered as the free ampholyte or 
as the sodium salt. 

The amount of the base absorbed from the salt is sufficiently specific 
and independent of the amino acid with wliich it is combined as to 
suggest that its absorption is an independent process when the salt is 
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capable of hydrolysis (cystin and methionin) but is not independent 
in the case of the sodium salt of cysteic acid -where the salt is incapable 
of hydrolysis. In this latter case the salt appears to he absorbed as 
such in equimolar amounts of base and acid. 


The EfEectmf Intense Sound Waves on Some Biologically Important 
Chemical Reactions.— Leslie A. Chambeks (Johnson Foundation for 
Medical Physics and the Department of Pediatrics, University of 
Pennsylvania). The most characteristic manifestations, of the action 
of sound on living cells are loss of motility, plasmolysis, vacuolation and 
disintegration in the order stated. While the lethal action is most 
pronounced in the presence of cavitation, it also proceeds imder pres- 
sures which inhibit the formation of cavities in the supporting medium. 

In order to explain the biologic action the response of certain simple 
chemical systems to -sdbration has been studied. Among the reactions 
accelerated or induced by audible sound are oxidation of halides, 
oxidation of H2O, hydrolyses, depolymerizations and protein denatura- 
tion. No reaction has lieen found to be affected in absence of cavitation. 

Protein denaturation by sound requires the presence of certain specific 
dissolved gases and does not occur in the presence of certain others. 
Therefore the reaction may not be attributed to kinetic energy incre- 
ments due to local degradation of acoustic energy. 

Furthermore, the specificity of the denaturation reaction toward 
certain gases indicates a tjqie of energy transfer quite unusual. The 
unexpectedness of the energy relationships is still further emphasized 
by the fact that light is emitted from pure water and other liquids 
during intense vibration. 

Complete explanation of the biologic action of sound must await 
knowledge of these unorthodox energy transfers. However, the 
observations indicate that intense acoustic fields may be of great value 
as an experimental tool in both physical and physiological chemistry. 


Notice to Contributors. — Manuscripts intended for publication in the Amehicak 
Journal op the Medical Sciences, and correspondence, should be sent to the 
Editor, Dr. Edward B. Krumdhaar, School of Medicine, University of Pennsylvania, 
Philadelphia, Pa. 

Articles are accepted for publication in the American Journal of the Medical 
Sciences exclusively. 

All manuscripts should be tj^ewritten on one side of the paper only, and should be 
double spaced with liberal margins. The author's chief position and, when possible, 
the Department from wliich the work is produced should be indicated in the subtitle. 
Illustrations accompanj-ing articles should be numbered and have captions bearing 
corresponding numbers. For identification they should also have the author’s name 
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